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Abstract

Purpose—To examine how demographic and geographic variations in US populations from
2011 to 2050 will contribute to estimated numbers of primary open-angle glaucoma (POAG).

Design—Cross-sectional study

Methods—~Prevalence rates from selected population-based studies were used to estimate the
number of persons aged 40 years and older with POAG in the US. For calculation, the age-, sex-,
race/ethnicity-specific prevalence rates were multiplied by the US census estimates and
projections from 2011-2050. Main outcome measures are estimated numbers of persons with
POAG in different age, sex and racial/ethnic groups and total and per-capita POAG rates by state.

Results—In 2011, 2.71 million persons in the US have POAG, with the highest estimated
number among populations aged 70-79 years (31%), women (53%), and non-Hispanic white
(44%). The largest demographic group is non-Hispanic white women. In 2050, an estimated 7.32
million persons will have POAG; with the highest number among populations aged 70-79 years
(32%), women (50%), and Hispanics (50%). The largest demographic group will shift to Hispanic
men. During the next 40 years, the highest per capita POAG rates will double in New Mexico,
Texas, and Florida.

Conclusions—Despite the high prevalence of POAG in African Americans and Hispanics, the
largest group in the US is currently among older non-Hispanic white women but is expected to
shift to Hispanic men over the next few decades. Given this shift, the greatest yield from screening
programs is likely to be in those states with high numbers of non-Hispanic white women and
Hispanic men.
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Glaucoma, a leading cause of blindness worldwide, remains a significant public health
problem. It is estimated that the number of people worldwide with glaucoma will increase
from 60.5 million in 2010 to 79.6 million in 2020.1 Primary open-angle glaucoma (POAG)
is the most common type, constituting 74% of all persons with glaucoma.! As the population
in the US (United States) ages, the number of persons with POAG is rising.2 3 Additionally,
increasing immigration to the US in the past decades has further contributed to the rising
number. The percentage of people of Hispanic/Latino and Asian origins has more than
doubled in recent decades.3 According to one estimate, the data on POAG prevalence rates
in Hispanics/Latinos and other minorities are lacking. Recently, the Los Angeles Latino Eye
Study (LALES) and other large population-based studies on Asians have concluded and
reported their results.*~7 Data from these recent population-based studies have not been
included in previous estimates. Analyses including these more recent data will improve the
accuracy of the estimation, particularly for these minority groups. Furthermore, most
previous estimates of POAG have focused on prevalence and have highlighted the high rates
in African Americans and Hispanics/Latinos. In this study, we estimate the overall numbers
of persons with POAG and highlight how demographic differences within the US are related
to geographic variations in the burden of POAG, elucidating how demographic changes in
the population over the next four decades are likely to change the groups that contribute to
the greatest burden of this disease in the US.

Data Sources

We calculated the number of persons with POAG in the US for 5 racial/ethnic groups; non-
Hispanic whites, African Americans, Hispanics/Latinos, Asians and other minorities. Based
on the census, the term other minorities refers to populations classified as American Indian,
Alaska Native, Native Hawaiian, and other Pacific Islander. A MEDLINE (Medical
Literature Analysis and Retrieval System Online) search was performed to identify
representative studies for each racial/ethnic group of the US population. Search terms used
included the MeSH (medical subject headings) terms “glaucoma, open-angle” and
“prevalence” with restrictions on language (English) and date (1/1/1986 to 11/15/2010). A
total of 258 relevant abstracts were identified and reviewed. All of the US population
estimates and projections were obtained from data provided on www.census.gov.

Study Selection and Data Extraction

The representative studies for each racial/ethnic group in the US were selected based on 1)
population-based studies conducted in the US, 2) diagnostic criteria based on assessment of
visual field and/or optic nerve, and 3) available age-, sex-, and racial/ethic-specific
prevalence rates for the studied population aged 40 years or older. Based on our review, six
major population-based studies have been conducted in the US for predominantly non-
Hispanic white populations (Framingham Eye Study, Baltimore Eye Survey and Beaver
Dam Eye Study), mixed white and African American populations (Baltimore Eye Survey
and Salisbury Eye Evaluation Study) and Hispanic/Latino populations - Proyecto VER
[Vision and Eye Research] and LALES.* 8-12 Based on our selection criteria, the Baltimore
Eye Survey was selected to represent non-Hispanic white and African American
populations, and the LALES was chosen to represent Hispanic/Latino populations. A
supplemental table summarizing diagnostic criteria for POAG for each study and reason to
include/exclude each study is available online. In brief, we excluded the Framingham Eye
Study because the screening method used might lead to underestimation of POAG
prevalence.8 In this study, screening examination was performed in 10% of the sample. In
addition, we excluded the Beaver Dam Eye Study because the study’s criteria for POAG
diagnosis were based on intraocular pressure, which is not included in the current definition
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of POAG.? Furthermore, the Salisbury Eye Evaluation Study was excluded because the
study was limited to older participants, aged 73 years or greater.}1 In addition, details of
vertical cup-to-disc ratio and symmetry were not described. For the US Hispanics/Latinos,
the Proyecto VER was not included based on its limited diagnostic criteria. Specifically, it
included only cases with structural and functional evidence in category 1 and advanced
cases of structural damage with unproven visual field loss in category 2 (vertical cup-to-disc
ratio > 0.85). Thus the study was likely to underestimate the prevalence. On the other hand,
the LALES criteria are similar to those used in other selected US studies. Lastly, because
data on prevalence rate of POAG in US Asians and other minorities are lacking, an
alternative approach was applied. We found three major population-based studies or surveys
of Asian populations, including the population survey in the Chinese residents in Singapore,
Tanjong Pagar district, the Singapore Malay Eye Study, and the Beijing Eye Study.>~" We
selected the study of Chinese residents of Singapore to represent US Asians® for two
reasons: first, the Chinese are the largest group of US Asians,13 and second, the
socioeconomic background of Chinese residents in Singapore is similar to that of residents
in the US. Specifically, Singapore and the US ranked eleventh and thirteenth, respectively,
according to the Economist Intelligent Unit’s quality-of-life index based on 9 quality-of-life
factors, including income and life expectancy.4 In addition, the Singaporean government
provides subsidized medical insurance for retirees, “Medisave”, comparable to the US
“Medicare.”15 For other minorities, we used estimated prevalence rates developed by the
Eye Disease Prevalence Research Group (EDPRG). Specifically, given that there are no
studies that have been conducted on racial/ethnic groups included in the “other minorities”
group, the Eye Disease Prevalence Research Group used the unweighted average of the
pooled stratum-specific prevalence rates for whites, African Americans and Hispanics/
Latinos for the other minorities group.2 Table 1 provides characteristics of selected studies
for each race/ethnicity.2 4 5 10

Data Synthesis

The principal investigator and/or co-investigator of the selected studies were contacted to
obtain age-, sex-, and racial/ethnic-specific prevalence rates for POAG. Of note, because the
data for population aged 80 years and older are not available in the Singapore Study, we
used the prevalence rates for population aged 70-79 years for population aged 80 years and
older.

All of the US population estimates and projections were obtained from data provided on
www.census.gov. We used a 2008 updated version for population estimate and a 2009
updated version for population projection based on the US census 2000 for the analyses. The
updated versions were adjusted for annual birth rates, death rates, and net immigration.
Specifically, this adjustment was calculated by the census.

The detailed methods for population estimates and projection can be found at
www.census.gov.18 In brief, based on the 2000 census, the census bureau produces quarterly
updated estimates of the US population. The updated estimates are calculated from the base
population, adding births to US resident women, subtracting deaths to US residents, and
adding net international migrants. Data for births to US women, deaths to US residents and
net international immigration are derived from the National Health Center for Health
Statistics and American Community Survey. In the present study, we used the 2008 updated
estimate, as recommended by the US Census. In addition, the census bureau provides data
for population projection from 2000 to 2050. In the present study, we used the middle series
of the 2009 version for population projections. In brief, the projections were calculated using
“a cohort-component” method. Specifically, for each passing year, one year of age was
added to each person, and the number was then adjusted by survival rate and net
immigration. A new birth cohort, the population under one year of age was calculated by
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applying projected age-specific fertility rates to the female population aged 15 to 49 years.
In the middle series, fertility was assumed to remain almost constant (2.1 births per woman);
life expectancy is projected to increase from 76.0 years in 1993 to 82.6 years in 2050; and
net immigration remains constant at 880,000 per year.1

Current and Projected estimates of Persons with POAG from 2011-2050

Tables for age-, sex- and race/ethnicity-specific US estimates and projections from 2011-
2050 were obtained from www.census.gov. The strata-matched prevalence rates for POAG
were multiplied by the population estimates and projections to calculate the number of
persons with POAG in the US from 2011-2050.16

Current and Projected estimates of Persons with POAG by State and Region

Customized tables for estimates of the US population in 2009 (current) and 2050 (projected)
by age, sex, and race/ethnicity for each state and region were obtained from
Www.census.gov. The strata-matched prevalence rates for POAG were then multiplied by
the population estimates to calculate the number of persons with POAG and the per capita
burden (density in percent) of POAG in the US by state and region.16

The total number of persons with POAG from 2011-2050 was computed by combining
estimated number of persons with POAG by age, sex, and race/ethnicity. All analyses were
performed using SAS (Statistical Analysis System) (SAS Institute Inc., Cary NC) and
Microsoft Excel® 2007 (Microsoft Corporation, Bellevue, WA).

Sensitivity Analysis

Results

We conducted a sensitivity analysis of our assumptions regarding the prevalence rate of
POAG in the US for different racial and ethic groups. We tested the impact of our
assumptions by making changes in the main model and by modifying prevalence rates based
on available data. For scenario 1, the pooled prevalence rates from the EDPRG, the
combined data for European-derived non-Hispanic whites, were used for non-Hispanic
whites. For scenario 2, the pooled prevalence rates from the Proyecto VER and LALES
were used for Hispanics/Latinos. For scenario 3, the pooled prevalence rates from the Eye
Disease Prevalence Research Group and the unweighted averages of the pooled stratum-
specific prevalence rates for whites, African Americans, and Hispanics/Latinos were used
for Asians. We then compared the numbers from each scenario to the main model.

Demographic Changes from 2011-2050

The following summarizes demographic changes from current to future projected numbers
of persons with POAG in the US from 2011-2050.

Current Estimates of Persons with POAG in the US

In 2011, 2.71 million persons in the US have POAG. The largest number of persons with
POAG is among those aged 70-79 (31%), followed by those aged 60-69 (27%), aged 50-59
(17%), aged 80 and older (17%), and aged 40-49 (8%). (Table 2 and Fig 1). Women with
POAG outnumber men with POAG by 11% (Table 3, Fig 2). In terms of race/ethnicity, non-
Hispanic whites (44%) constitute the largest number of persons with POAG in the US.
(Table 3, Fig 3). Overall, non-Hispanic white women make up 25% of the current estimate,
and non-Hispanic white women aged 70 years and older make up the single largest
demographic group of this current estimate.

Am J Ophthalmol. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vajaranant et al.

Page 5

Projected Estimates of Persons with POAG in the US from 2011-2050

In 2050, an estimated 7.32 million persons are projected to have POAG (an increase of
270% from current estimates, whereas the overall US population will increase only 150%
from its current estimate). A higher proportion of the number of persons with POAG will be
those aged 70-79 (32%), followed by persons aged 80 years and older (30%), 60—69 years
(22%), 50-59 years (11%) and 40-49 years (5%). (Table 2, Fig 1). Women will outnumber
men by a smaller proportion (1%) than currently (11%) (Table 3, Fig 2). By 2035, the single
largest demographic group will consist of Hispanic/Latino men aged 70 years and older.
Finally, in 2050, Hispanics/Latinos will make up 50% of the projected number and
constitute the largest group of persons with POAG compared to non-Hispanic whites
(currently, the largest proportion); and Hispanic/Latino men will outnumber non-Hispanic
white women (currently, women outnumber men) (Table 3, Fig 3).

Geographic Distributions from 2011-2050

The following summarizes geographic changes from current to future projected numbers of
persons with POAG distribution in the US from 2011-2050.

Current Geographic Distribution

Currently by state, California, Texas, and Florida have the highest estimated numbers of
persons with POAG (0.36, 0.24, and 0.23 million, respectively). By state, the three highest
per capita burden of POAG are in New Mexico, Texas, and Florida (2.98%, 2.47%, and
2.45%, respectively, Fig 4A). By region, the majority (40%) of all persons with POAG in
the US will be located in the Southern region, followed by 22% in the West, 17% in the
Midwest and 17% in the Northeast regions (Table 4). Furthermore, the highest per capita
burden of POAG by region is in the South (2.10%), followed by West (1.99%), Northeast
(1.77%) and Midwest (1.53%). By sex, women outnumber men in every region. By race/
ethnicity, the highest estimated numbers are among non-Hispanic whites in all regions
except the West, where Hispanics/Latinos are the major contributor (Table 4). Specifically,
non-Hispanic white women are the major contributors in every region except the West,
where the major contributors are Hispanic/Latino men.

Geographic variations of the current and projected estimates of Persons with POAG in the

us

In 2050, the three highest projected numbers will be in California, Texas, and Florida (1.35,
0.88, and 0.76 million, respectively). By state, the three highest per capita POAG rates will
be in New Mexico, Texas, and Florida (6.04%, 4.84% and 4.82%, respectively, Fig 4B). Of
note, the per capita burden in these three states is estimated to double by 2050 compared to
the current per capita rate. By region, the majority (40%) of all persons with POAG in the
US will remain in the Southern region, followed by 28% in the West, 16% in the Northeast
and 13% in the Midwest regions (Table 4). By region, the highest per capita burden of
POAG is in the South (3.82%) and the West (3.82%), followed by the Northeast (3.16%)
and Midwest (2.49%). The projected per capita burden by region will increase by 1.6 to 1.9
fold.

Sensitivity analysis (Table 5) showed that, compared to the main model, the estimates using
the Eye Disease Prevalence Research Group pooled rates for non-Hispanic whites (scenario
1) were higher by 13% and 9% for 2011 and 2050, respectively. In addition, the estimates
using pooled prevalence rates from the Proyecto VER and LALES for Hispanics/Latinos
(scenario 2) were lower by 19% and 15% for 2011 and 2050, respectively. Lastly, the
estimates using the Eye Disease Prevalence Research Group rates for Asians (scenario 3)
were lower by 0.2% and 0.3% for 2011 and 2050, respectively.
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Discussion

The estimated current number of persons with POAG in the US is 2.71 million, with the
highest estimates among individuals aged 70 and older, women, and non-Hispanic whites.
Our model predicts a large increase in the number of persons with POAG and a shift in the
number of persons with POAG among sex and racial/ethnic subpopulations in the US over
the next 40 years. In brief, the number of persons with POAG is estimated to increase by
28% per decade, from 2.71 million in 2011 to 7.32 million in 2050. The populations aged 60
and older, especially women aged 70 and older, contribute significantly to the rising

number. During this period, women with POAG will outnumber men with POAG by a lesser
degree. Based on race/ethnicity, the highest estimated number of persons with POAG will
shift from non-Hispanic white women to Hispanic/Latino men by 2035.

Compared to a previous study, 2 the Eye Disease Prevalence Research Group estimated that
the number of persons with POAG in the US will rise 22% per decade, from 2.22 million in
2000 to 3.36 million in 2020. Our analysis predicted an 11% higher number of persons with
POAG in 2020 (3.72 million). The discrepancy is most likely due to differences in the
methods and use of underlying data sources. First, the Eye Disease Prevalence Research
Group utilized the 2020 projection based on the 2000 US census, whereas our estimations
used population projections based on the 2009 updated version of the 2000 US census.1®
Briefly, the 2009 version provides projections adjusted for changes in births, deaths, and net
gain in international migration. Second, different population-based studies were selected to
estimate the number of persons with POAG. Specifically, the Eye Disease Prevalence
Research Group used the pooled prevalence rates from the combined data for European-
derived non-Hispanic whites, while the present forecast used prevalence rates from the
Baltimore Eye Survey, a population-based study of non-Hispanic whites in the US. In
addition, the Eye Disease Prevalence Research Group selected a population-based study of
Mexican-derived Hispanics/Latinos from Arizona,2 whereas our calculation was based on
the LALES, a population-based study of Latinos of Mexican ancestry in California.* Of
note, the prevalence of POAG in Hispanics/Latinos used in our study was higher than that
used in the Eye Disease Prevalence Research Group (4.74% vs 1.97%).2: 4 12 The difference
in POAG prevalence between the two studies might be due to the higher proportion of
Native Americans included in the Proyecto VER (40% in the Proyecto VER vs 5.3% in
LALES) and different criteria used for POAG diagnosis. Specifically, the Proyecto VER
used diagnostic criteria that might lead to underestimation of the prevalence. For instance,
POAG diagnostic criteria based solely on structural changes were used in all selected
studies. In the Baltimore Eye Survey, 15.6% and 8% of all POAG cases were diagnosed
based on structural criteria only for non-Hispanic whites and African Americans,
respectively. Likewise, these criteria were used in 19.2% of all POAG cases in the LALES,
and in 59.1% of all POAG cases in the Singapore Study.* 5 10 However, compared to the
selected studies the Proyecto VER included only 1.1% of cases based primarily on the
structure criteria.”12 Finally, different methods were used to calculate estimated numbers of
POAG for Asians. The Eye Disease Prevalence Research Group used the unweighted
average of the pooled data age- and sex-specific rates for non-Hispanic whites, African
Americans, and Hispanics/Latinos, whereas our analyses used data from the selected
population survey in Singapore.2 All aforementioned reasons are likely to account for the
difference in the POAG estimates reported by the Eye Disease Prevalence Research Group
and our study.

Demographic Changes from 2011-2050

We determined how age, sex and race/ethnicity contribute to the demographic changes in
the number of persons with POAG in the US from 2011-2050.
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Contribution of Age-related differences

The high burden of POAG among aging populations is most likely due to a combination of
high prevalence rates of POAG among the elderly and the rapid growth in aging
populations. Specifically, increased age is a known risk factor for POAG.2: % 10,12, 19-21 |,
addition, the population aged 65 and older is increasing at a faster rate than the total
population, according to the National Center for Health Statistics.3 Furthermore, Baby
Boomers (those born between 1946-1964) will be 65 years and older by 2029; and as they
age, the population aged over 75 years will rise significantly.3 Specifically, the population
aged over 75 years will rise from 6% of total population in 2006 to 9% by 2030 and 12% by
2050.2 Our analysis estimated that the number of people aged 70 years and older with
POAG will rise from 1.31 million in 2011 to 4.57 million by 2050. These aging populations
will require significant national resources, and attention should be directed toward this

group.

Contribution of Sex-related differences

Women with POAG outnumber men with POAG in the world and in the US.1 2 In addition,
the highest POAG burden is among women aged 70 and older. This observation reflects a
longer life expectancy in women compared to men (75.65 years in men and 80.69 years in
women).22 Although there is no sex predilection for POAG,2 8-10, 12,19, 23-28 gjyen that
women have a longer life expectancy, our analysis shows that currently, a greater number of
women have POAG compared to men. Thus, to prevent blindness, early treatment and more
aggressive therapy should be considered and offered to elderly women for two reasons.
First, in light of their longer life expectancy women are likely to bear the burden of vision
loss for a longer period of time. Second, a gender disparity in the management of POAG
exists, with women being 24% less likely to be treated for glaucoma and newly diagnosed
women being less likely to fill their glaucoma medication prescriptions and to undergo laser/
glaucoma therapy.29 In contrast to the current situation, over the next four decades the sex
differences in the percentages of the number of persons with POAG will become smaller
(11% difference in 2011 vs 1% difference in 2050). This most likely reflects an increasing
life expectancy in men, particularly among Hispanic/Latino men.

Contribution of Race/Ethnicity-related differences

Although the prevalence of POAG is highest among African Americans and Hispanics/
Latinos (Table 1), non-Hispanic whites contribute the greatest estimated number because of
the high number of elderly non-Hispanic white women in the US. Our analysis predicts that
the largest estimated number of persons with POAG will change from non-Hispanic whites
to Hispanics/Latinos between 2011 and 2050. By 2035, Hispanic/Latino men will be the
major US subpopulation with POAG. There are several factors that might explain this rapid
growth. Hispanics/Latinos are the fastest growing US minority.3 16 Specifically, the number
of Hispanics/Latinos increased by 37% whereas the non-Hispanic population increased by
only 5%. The rapid growth of Hispanics/Latinos is due to multiple causes based on data
from the census. First, the fertility rate in Hispanics/Latinos is higher than in the overall
population.}” Second, Hispanics/Latinos have longer life expectancy compared to the “other
race” group. 17 Third, Hispanics/Latinos constitute the majority of immigrants.16 Overall,
the increase in the Hispanic/Latino population is mainly due to natural growth rather than
international immigration.3° The majority-minority cross-over has been predicted by the
census to occur between 2040-2050. 30 Related to this, our analysis predicts that the
majority-minority cross-over of the number of persons of POAG would occur in 2035. This
shift is most likely driven by the high life expectancy of the first waves of Hispanic/Latino
immigrants starting in 1970-1980 rather than being influenced by the added number from
the young immigrants (typically younger than 35 years of age).31:32 In addition, based on
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US Census projections, the non-Hispanic white population aged 40 years and older in the
US begins to decline in 2035.16

Particular attention should be focused on Hispanics/Latinos for two reasons: First,
Hispanics/Latinos will contribute the highest estimated number of persons with POAG in
the next four decades. Second, Hispanics/Latinos may have less access to health care
compared to other demographic groups, such as non-Hispanic whites and Asians.3
Furthermore, based on previous reports, Hispanics/Latinos have the highest number of
persons with undetected POAG (75% in Hispanics/Latinos, 50% in non-Hispanic whites,
and 58% in African Americans). In 2011, the estimated numbers of persons with undetected
POAG for Hispanics/Latinos, non-Hispanic whites, and African Americans are 0.54, 0.60,
and 0.39 million, respectively. Because of the rapid growth and high prevalence of POAG
among Hispanics/Latinos, the number of persons with undetected POAG is projected to be
2.72 million, compared to 0.83 for non-Hispanic whites and 0.93 million for African
Americans in 2050.

Geographic Changes in the per capita burden of POAG in the US from 2011-2050

This forecast is unique in that we calculated the total and per capita burden of POAG by
state to further assess the current and future geographic variations. In brief, the current
estimated number of persons with POAG is highest in California, Texas, Florida, and the
South, whereas the per capita burden of POAG is highest in New Mexico, Texas, and
Florida and in the South. In 2050, the highest POAG estimates will remain in California,
Texas, Florida, and the South. Similarly, the per capita burden of POAG will remain highest
in New Mexico, Texas, and Florida; however the per capita burden will double in these
states. Specifically, the per capita burden will increase from 2.5%-3% in 2011 to 5%—6% in
2050. This is most likely due to the high proportion of elderly and Hispanics/Latinos in
these states. Finally, the West will join the South among the regions with the highest per
capita burden of POAG. Based on this forecast, screening programs for POAG are likely to
have the highest yield by targeting these states and regions that have highest per capita
burden.

For the next 40 years, the US Asian population will continue to rise at a much faster rate
compared to the overall population (a 200% increase in the Asian population vs a 10%
increase in the overall population).1> 16 However, while there is a rapid increase in the size
of the US Asian population our sensitivity analysis indicates a less than 1% difference in the
total estimated number of persons with POAG using different prevalence rates for Asian in
the US. As the Asian population in the US continues to grow, using prevalence rates from
the population-based study of US Asians will most likely improve the accuracy of future
projections. In addition, our sensitivity analysis showed that if the pooled rates from the Eye
Disease Prevalence Research Group were used for non-Hispanic whites, the estimates would
be about 10% higher, compared to the primary model. However, if the pooled rates from the
Proyecto VER and LALES were used for Hispanics/Latinos, the estimates would be
approximately 15% to 19% lower, compared to the primary model. This again emphasizes
the importance of selecting the proper studies to represent each racial/ethic group, especially
for groups that will have a higher impact, such as Hispanics/Latinos. Nevertheless, either
using the primary model (LALES for Hispanics/Latinos) or a pooled rate from the Proyecto
VER and LALES for Hispanics/Latinos (scenario #2, Table 5), a majority of persons with
POAG in 2050 will be Hispanics/Latino.

Study Limitations

Our study has several limitations. Similar to other forecasts, there are embedded
uncertainties.33 First, inherent errors in our data from selected studies and/or in the US
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census may lead to differences in our predictions and to what in fact happens in the future.33
For instance, our calculation was performed with an assumption that age-, sex- and racial/
ethnic-specific prevalence rates would not alter with time. Furthermore, our model did not
account for any changes in future treatment/prevention of POAG that could substantially
affect the prevalence rates of POAG. In addition, race/ethnicity and age used in the census
are self-reported. The self-report is the current standard for race/ethnicity identification in
the census, as well as in all published studies. The most commonly used measure of the
accuracy of census projection is the mean absolute percentage error (MAPE), which is the
difference between the projections and the true census counts. The overall MAPE for the US
was 2.64%.34 Regardless of the possible embedded uncertainties, the census is the best data
available and is commonly used for all US government and UN and WHO projections.
Second, standardized criteria for POAG diagnosis are still lacking. We therefore carefully
selected the representative studies for each racial/ethic group based on the similar criteria.
Third, the number of persons with POAG in those who self-reported “mixed race” was not
included for two reasons. It is not certain which race/ethnic specific prevalence rate is
appropriate in the mixed race persons. Furthermore, we decided to err towards
underestimation by not including this subpopulation. Specifically, the persons who reported
mixed race make up 1.7% of the US population in 2011 and 3.6% of the total population in
2050. Regardless of these limitations and inherent uncertainty, the present study provides
the estimated numbers and trends of the US populations with POAG from 2011-2050 from
currently available resources.

In conclusion, contrary to current perceptions, the highest estimated number of persons with
POAG is among non-Hispanic white women, despite the high prevalence rates of POAG in
African Americans and Hispanics/Latinos. However, the greatest burden of POAG in the US
is projected to shift from non-Hispanic whites to Hispanics/Latinos and from non-Hispanic
white women to Hispanic/Latino men by 2035. While the largest burden exists in the
populous states, screening yield will be higher in those states with the higher per capita
burden of POAG. Specifically, the demographic shift from non-Hispanic white women to
Hispanic/Latino men suggests that states and regions with larger Hispanic/Latino
populations will bear the larger share of future burden of POAG.

From practical standpoint, the current recommendations for glaucoma screening by
American Academy of Ophthalmology target populations at risk, including elderly,
individuals with a family history of glaucoma, and African Americans and Hispanics/
Latinos. Similarly, Medicare and Medicaid cover glaucoma examinations for individuals
with diabetes, a family history of glaucoma, African Americans aged 50 years and older, and
Hispanic/Latino Americans aged 65 years and older. Given that the highest number of
persons with POAG in the US currently are amongst non-Hispanic white women screening
programs should also be targeted at this population. Finally, given a projected highest per
capita burden of POAG is in New Mexico, Texas, and Florida, the greatest yield from the
current and future screening and intervention programs are likely to be in these states.
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Figure 1.

Estimated number of primary open-angle glaucoma cases in the US by age group (all
persons)
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Estimated number of primary open-angle glaucoma cases in the US by age group (women)
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Figure4.
Estimated number of persons with primary open-angle glaucoma in the US by sex.
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Figureb5.
Estimated number of primary open-angle glaucoma cases in the US by race/ethnicity (all
persons). NHW=Non-Hispanic White; AA= African American; Hisp.= Hispanic/Latino.
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(women). NHW=Non-Hispanic White; AA= African American; Hisp.= Hispanic/Latino.
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Figure 8.
Per capita burden of Open-Angle Glaucoma in each state in the United States in 2011
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Figure9.
Per capita burden of Open-Angle Glaucoma in each state in the United States in 2050
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