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Abstract

Importance—This paper describes the current and projected prevalence of visual impairment
(V1) (visual acuity worse than 20/40, but better than 20/200) and blindness (visual acuity 20/200
or worse) in the United States.

Objective—To determine the demographic and geographic variations in VI and blindness in
adults in the US population in 2015 and to estimate the projected prevalence through 2050

Design—Descriptive
Setting—Population-based cross-sectional

Participants—Pooled data from adults, 40 years and older, from six major population-based
studies on V1 and blindness in the US. Prevalence of VI and blindness were reported by age, sex,
race/ethnicity, and per capita prevalence by state, using the US census projections (2015 — 2050).

Main Outcome and Measures—RPrevalence of VI and blindness

Results—In 2015, 1.02 million people were blind, and approximately 3.22 million people in the
US had VI (best-corrected VA in the better-seeing eye), while up to 8.2 million people had VI due
to uncorrected refractive error. By 2050, the number of these conditions are projected to double to
approximately 2.01 million people with blindness, 6.95 million people with VI, and 16.4 million

with VI due to uncorrected refractive error. The highest numbers of these conditions are predicted
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among non-Hispanic whites, women, and older adults, however African Americans are projected
to experience the highest prevalence of blindness. By 2050, the highest prevalence of VI among
minorities will shift from African Americans to Hispanics. From 2015-2050, the states projected
to have the highest per-capita prevalence of VI are Florida and Hawaii and highest projected per-
capita prevalence of blindness are Mississippi, Louisiana, and Florida.

Conclusion & Relevance—These data suggest that vision screening for refractive error and
early eye disease may reduce or prevent a high proportion of individuals from experiencing
unnecessary vision loss and blindness, decrease associated costs to the US economy for medical
services and lost productivity, and contribute to better quality of life. Targeted education and
screening programs for non-Hispanic white women and minorities should become increasingly
important due to the projected growth of these populations and their relative contribution to the
overall numbers of these conditions.

INTRODUCTION

The number of individuals with visual impairment (V1) and blindness is increasing in the US
and around the globe as a result of shifting demographics and aging populations.1 Tracking
the number and characteristics of individuals with VI and blindness is especially important
given the negative impact of these conditions on both physical and mental health.>8 In
particular, individuals who are visually impaired or blind have a higher risk of chronic health
conditions,” accidents,8 social withdrawal,? depression,®10 and mortality.11

Accordingly, an important aim of Health Vision 2020 is to improve visual health and
wellbeing through interventions to reduce VI and blindness in the US. Such interventions,
including public health services and policy planning, rely on projections of the estimated
magnitude of VI and blindness in the US. These projections should be based on the most
recently available census data as well as prevalence estimates, defined as the proportion of
people with VI or blindness out of the total number of people at risk. A 2004 analysis of the
magnitude of legal blindness in the US determined its prevalence as 0.78% in adults aged 40
years and older in 2000, and projected a 70% increase from 937,000 in 2000 to 1.6 million
in 2020.12

In the current report, we present an updated projection of the numbers and prevalence of
uncorrected refractive error that could potentially be improved through refraction (e.g.,
glasses, contacts lenses, and refractive surgery). In addition, we describe the numbers and
prevalence of VI and legal blindness in the US from 2015 to 2050, using pooled prevalence
data from population-based studies representing 5 major racial/ethnic groups in the US.
Furthermore, we identify subgroups of the population (age, sex, and race/ethnicity) expected
to experience a higher prevalence of VI and blindness over the next 4 decades in the US.

METHODS

We calculated the prevalence and numbers of individuals with VI and blindness in the US
among 5 racial/ethnic groups: African Americans, Asians, Latino/Hispanics, non-Hispanic
whites, and other minorities (racial groups). The term “other minorities” is based on the
census and refers to populations classified as American Indian, Alaskan Native, Native
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Hawaiian, and other Pacific Islander. All US population estimates and projections were
obtained from data available at census.gov.

Study Selection and Data Extraction

The studies with data representing each racial/ethnic group in the US were selected
according to the following inclusion criteria: 1) population-based studies conducted in the
US, in order to avoid inherent differences with other countries’ healthcare systems; 2)
studies including data after 1980, in order to minimize differences in screening methods,
medical treatments, and ophthalmic surgery; 3) studies that used US definitions for VI and
blindness; and 4) studies with available age-, sex-, and race/ethnicity-specific estimates of
participants, aged 40 years or older.

Six major population-based studies were included to provide race-specific data: Beaver Dam
Eye Study (non-Hispanic white populations); Baltimore Eye Survey and Salisbury Eye
Evaluation Study (white and African American populations); Proyecto VER and Los
Angeles Latino Eye Study (LALES) (Latino/Hispanic populations); and Chinese American
Eye Study (CHES) (Asian American populations).13-21 Summary descriptions of these
studies are shown in eTable 1. Age-specific and age-adjusted summary pooled prevalence
estimates of VI and blindness were calculated by combining age, race/ethnicity, and sex-
specific numbers from the 6 studies (eTable 2).

Statistical Methods

Pooled prevalence estimates for VI and blindness by age, sex, and race/ethnicity were
multiplied by corresponding stratum-specific population estimates to obtain the number of
persons with VI and blindness in the US from 2015 to 2050. This number was then divided
by the total population size. Ninety-five percent confidence intervals (95% CI) were
calculated as the prevalence + 1.96 x standard error. Prevalence per capita was defined as the
number of people with V1 or blindness out of the number of people in each state based on
the US census. The criterion for VI (presenting) was presenting visual acuity (VA) worse
than 20/40 in the better seeing eye (excluding blindness). The criterion for blindness
(presenting) was presenting VA of 20/200 or worse in the better seeing eye. The criterion for
VI (best corrected) was best corrected VA of worse than 20/40 in the better seeing eye. The
criterion for blindness (best corrected) was best corrected VA of 20/200 or worse in the
better seeing eye. Estimates of VI due to uncorrected refractive error (URE) were estimated
by calculating the difference between the prevalence of presenting VI and best corrected VI,
relative to the prevalence of presenting VI. Studies with data available for both presenting
and best corrected VA calculations included the Baltimore Eye Survey, the Salisbury Eye
Evaluation, LALES, and CHES. A regression of VI or blindness prevalence by age, sex, and
race/ethnicity was used to impute missing stratum-specific. Calculations were based on the
2014 census data.

Sensitivity Analysis

Sensitivity analyses were performed on prevalence estimates by using several models and
different pooled prevalence (eTable 3). For scenario 1, the pooled prevalence from the Eye
Disease Prevalence Research Group (EDPRG) and the combined data for European-derived
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non-Hispanic whites were used to represent non-Hispanic whites.! For scenario 2, the
pooled prevalence was calculated based on data from the Baltimore Eye Survey, the Beaver
Dam Study, the Salisbury Eye Evaluation, the Proyecto VER, and LALES for Asians.13-18
For scenario 3, the pooled prevalence from the EDPRG for minorities was used for Asians.!
For scenario 4, the pooled prevalence from the EDPRG was used for other minorities. We
then compared the estimates from each scenario to those obtained from the main model.

Current and Projected Estimates of VI and Blindness in the US in 2015 and 2050

In 2015, for persons aged 40 years and older in the US, the overall estimated prevalence of
VI was 2.14% (95% ClI, 2.12-2.15%), and the overall estimated prevalence of blindness was
0.68% (95% ClI, 0.66—0.69%). We based these summary estimates on pooled prevalence
estimates by age and race/ethnicity (eTable2) that show the highest prevalence of VI and
blindness among African American men and women, followed by non-Hispanic white men
and women.

In 2015, approximately 3.22 million persons in the US were visually impaired based on the
best corrected, better seeing eye. By age, the largest proportion of VI was among those aged
80 years and older (1.61 million/3.22 million or 50%), followed by those aged 70-79 years
(24%), 60-69 years (16%), 50-59 years (5%), and 4049 years (4%) (Table 1). In 2050, an
estimated 6.95 million persons are projected to be visually impaired—an increase of 116%.
The proportion of VI cases are projected to range from 64% (4.4 million/6.95 million) for
individuals aged 80 years and older, to 2% for individuals aged 40-49 (Table 1). The
projected pattern of VI prevalence by age from 2015 to 2050 is shown in eFigures 1-3 for
the total US population and by sex. The number of women with VI outnumbered men by
approximately 33% in 2015 (Table 1), and this pattern is projected to continue through 2050
(eFigure 4). In 2015, with respect to race/ethnicity, non-Hispanic whites (2.28 million/ 3.22
million, or 71%) represented the largest proportion of VI cases, followed by African
Americans (15%), Hispanics (10%), Asians (3%), and other minorities (1%) (eTable 4).
Through 2050, the number of people with VI are projected to continue to increase and
remain higher among non-Hispanic whites compared to other racial/ethnic groups for both
men and women (Figure 1 and eFigures 5-6). In 2050, the majority of VI cases are projected
to remain among non-Hispanic whites, but to a lesser degree (projected 57% vs. current
71%; eTable 4). In 2050, the second highest number of VI cases are projected to shift from
African American to Hispanic adults (20% for Hispanics vs. 16% for African Americans;
Figure 1 and eFigures 5-6).

In 2015, 1.02 million persons in the US were legally blind (Table 1). By age, the prevalence
of people with blindness ranged from 42% (0.43 million/1.02 million) for those aged 80
years and older, to 11% for those 40-49 (Table 1). In 2050, an estimated 2.01 million
persons are projected to be blind—an increase of 97.1%. From 2015 to 2050, the number of
people with blindness are projected to increase most dramatically in adults 80 years of age
and older for both men and women (eFigure 7-9). Through 2050, the number of women
with blindness compared to men are projected to remain higher (Table 1 and eFigure 10). In
2015, with respect to race/ethnicity, non-Hispanic whites (0.69 million/1.02 million, or 68%)
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comprised the largest number of cases of legal blindness, followed by African Americans
(21%), Hispanics (10%), Asians (1%), and other minorities (<1%) (eTable 4). The pattern of
blindness by race/ethnicity through 2050 is shown in Figure 2 and eFigures 11-12. Similar
to the projections for VI, non-Hispanic white adults are projected to continue to represent
the majority of cases of blindness (projected 53% vs. current 68%; eTable 4), followed by
African Americans (projected 23% vs. 21% current).

Geographic Distribution of the Estimated Number of Cases of VI and Legal Blindness in
the US in 2015 and 2050

In 2015, the 3 states with the highest per capita prevalence of VI were Florida, Hawaii, and
Muississippi (2.56%, 2.35%, and 2.35%; Figure 3). In 2050, states projected to have the
highest per capita VI prevalence are Florida, Hawaii, and South Dakota (3.98%, 3.93%, and
3.70; Figure 4).

In 2015, the states with the highest per capita prevalence of blindness were Mississippi,
Louisiana, and Florida (0.83%, 0.79%, and 0.78%; eFigure 13). In 2050, the prevalence of
blindness is projected to be highest in Mississippi and Louisiana (1.25%, 1.20%; eFigure
13). By 2050, the per capita prevalence of blindness by state is projected to increase and
reach 1-1.25% in 18 states (eFigure 14).

Projected Number of People with Uncorrected Refractive Error in 2015 and 2050

In 2015 in the US, the estimated numbers of people with VI and blindness due to URE were
8.24 million (95% confidence interval [Cl], 4.52-17.77) and 290,000 (ClI,
20,000-4,200,000), respectively (data not shown). In 2050, the numbers with VI and
blindness due to URE are projected to increase to 16.4 million (Cl, 8.76-25.84) and 529,000
(ClI, 40,000-4,380,000), respectively. An epidemiologic map showing the change in the per
capita prevalence of VI due to URE from 2015 to 2050 is shown in eFigures 15 and 16. The
expected prevalence will increase across the country, with the projected prevalence reaching
10% or more in 15 states by 2050. The patterns of the per capita prevalence of blindness are
shown in eFigures 17 and 18.

Sensitivity Analysis

For the projections for 2015 and 2050, the sensitivity analyses for VI revealed minimal
differences among models from different scenarios (eTable 3), ranging from 0% to 4.89%.
For the 2050 projections, the sensitivity analyses for blindness revealed minimal differences
among models from different scenarios (eTable 3).

DISCUSSION

We estimate that in 2015 in the US, among people aged 40 and older, 3.22 million people
were visually impaired and 1.02 million were legally blind. Our 35-year projections indicate
an approximate 25% increase per decade in VI and a 21% increase per decade in blindness,
predicting 6.95 million people with VI and 2.01 million people with blindness in 2050. This
increase in VI and blindness results from an aging population: All members of the Baby
Boomer generation (born between 1946-1964) will reach the ages of 65 years and older by
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2029. Further, the proportion of the US population aged 75 years and older will rise to 12%
by 2050.

Between 2015 and 2050, non-Hispanic whites and women are projected to remain the largest
demographics with respect to absolute numbers of VI and blindness. Women are projected to
outnumber men by 30-32% with respect to VI, and by 6—11% with respect to blindness.
After non-Hispanic whites, Hispanics are projected to have the most cases of VI, and
African Americans are projected to have the most cases of blindness.

The EDPRG group previously projected that the number of cases of legal blindness in the
US would increase by 35% per decade—from 0.94 million in 2000 to 1.6 million in 2020.1
Our analysis predicted a per-decade increase of 25%, and our model projected 44% fewer
cases of legal blindness in 2020 (1.12 million). This discrepancy is most likely due to
differences in methodology and data sources. The EDPRG used population estimates and
projections based on the 2000 census, whereas our model generated population estimates
and projections based on the 2014 census. Further, the numbers of cases were estimated
using prevalence from different selected population-based studies (eTable 2).

Changes in the Estimated Numbers of VI and Blindness in the US from 2015 to 2050 by Sex

Similar to previous reports, we found that women outnumber men with respect to both VI
and blindness,*19 and attributed this difference to the higher prevalence and longer life
expectancy of women compared to men (81 years in women vs. 76 years in men).20 In
addition, previous studies suggest that women are less likely to be treated for various
medical conditions, including blinding ophthalmological diseases such as glaucoma.?1-23

Changes in the Estimated Numbers of VI and Blindness in the US from 2015 to 2050 by
Race/Ethnicity

African Americans and Hispanics experience a relatively high prevalence of VI and
blindness. However, as the largest proportion of the overall population, non-Hispanic whites
represent the largest number of people impacted by these conditions.

Our analysis predicts that between 2015 and 2050, non-Hispanic whites will continue to
represent the largest numbers of people with VI and blindness, while African Americans,
Hispanics, and Asians will experience a rising prevalence over time.

African Americans are the minority most frequently afflicted by VI and blindness, and will
remain the most affected minority with regard to blindness in 2050.

However, Hispanics are projected to become the most affected minority with regards to VI
by 2050. This shift reflects the fact that, despite the lower overall prevalence of VI in
Hispanics, their population size is larger than that of African Americans. Hispanics are the
fastest growing US minority group, with a longer life expectancy than all other non-Hispanic
groups.
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Changes in VI and Blindness from 2015 to 2050 in the US by Geographic Area

While the highest estimates and projections for total cases of VI and legal blindness in the
US are within populous states such as California, Florida, Texas, and New York, the highest
per capita prevalence is in Florida for VI and Mississippi for blindness. From 2015 to 2050,
the states with the highest per capita prevalence for VI and blindness are projected to remain
unchanged.

Impact of Uncorrected Refractive Error on the US Population

We estimate that up to 72% of US individuals with VI (8.24 million estimated with URE/
3.22 million with best corrected RE + 8.24 million with URE) and up to 20% of individuals
with blindness could experience clinical improvement with vision screening followed by
proper refractive correction. Refractive error is the leading cause of V1 in the US and
worldwide?425, and uncorrected refractive error can diminish a person's quality of life and
ability to complete vision-related daily tasks.28:27 It also contributes to the annual cost of VI

and blindness to the US economy, estimated at $5.48 billion in medical and informal
28,29
care.=

These data suggest that vision screening for refractive error and early eye disease may
prevent a high proportion of unnecessary vision loss and blindness, and promote better
quality of life with age. Further, the relatively low cost of vision screening and refractive
correction may result in lower costs to the US economy for medical services and lost
productivity related to VI and blindness.

Study Limitations

Our study has several limitations to consider.

First, inherent errors in the data from selected studies and the US census might lead to
differences between our predictions and actual future occurrences.3° For instance, our
projections assume that the age, sex, and race/ethnicity-specific prevalence of VI and
blindness will not change dramatically over time. Also, we assume that the selected
population-based studies provide a reasonable estimate of VI, blindness, and uncorrected
refractive error experienced by individuals of similar age, sex, and racial/ethnic groups in the
US. Furthermore, our model does not account for changes in the future treatment or
prevention of the leading causes of VI and blindness. Additionally, the race/ethnicity and age
data in the census are self-reported.

Lastly, the criterion for blindness is based solely on VA, and visual field is not included in
this report or in other previous studies. This limitation might lead to an underestimation of
the prevalence of VI and blindness consequent to diseases, such as glaucoma and certain
retinal degenerations that cause peripheral visual field loss.

Regardless of these limitations and uncertainties, the present study uses the best currently
available resources to provide estimated numbers and trends with regard to VI and blindness
in the US population from 2015 to 2050.
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CONCLUSION

Currently, the highest prevalence of visually impaired and blind individuals is among non-
Hispanic white women. In 2050, non-Hispanic whites are projected to continue to represent
the largest prevalence of VI cases, followed by African Americans. However, the minority
group with the largest prevalence of visually impaired and blind individuals are projected to
shift from African Americans in 2015 to Hispanics in 2050.

These data suggest that the yield from screening programs for VI, blindness, and other eye
disease would be greatest when focused on high-risk populations (older non-Hispanic white
women). Finally, these data suggest that different regions of the country will experience the
impact of VI and potentially benefit from screening programs differentially over the next
several decades.

In summary, given a projected doubling of the prevalence of VI and blindness over the next
35 years, vision screening and intervention for refractive error and early eye disease may
prevent and/or reduce a high proportion of individuals from suffering from these conditions,
enhance their quality of life, and potentially decrease direct and indirect costs to the US
economy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Estimated numbers of persons with visual impairment in the United States by race/ethnicity
all persons and year
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Figure2.
Estimated number of persons with blindness in the United States by race/ethnicity (all

persons) and year
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Figure 3.
Per capita prevalence of visual impairment in the United States in 2015
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Figure 4.
Per capita prevalence of visual impairment in the United States in 2050
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Projected number of persons with visual impairmentl and blindness” in the US, stratified by age group, from

2015 to 2050 (in millions)

Visual | mpairment

2015 2020 2025 2030 2035 2040 2045 2050

Age groups
40-49years 013 013 014 015 016 017 016 0.16
50-59years 017 017 016 016 017 019 020 021
60-69years 052 059 063 062 060 061 065 0.70
70-79years 078 0.99 121 137 147 144 141 143
>80years 161 177 210 267 326 385 427 444
Total 322 367 424 497 567 626 669 6.9
Women/Men 133 132 132 131 130 130 130 130

Blindness

2015 2020 2025 2030 2035 2040 2045 2050

Age groups
40-49years 011 011 011 012 013 013 013 013
50-59years 015 014 013 013 013 014 015 0.15
60-69years 016 019 020 020 019 020 021 023
70-79years 017 021 026 030 032 032 031 032
>80years 043 047 055 070 086 1.02 114 118
Total 1.02 112 126 145 164 182 194 201
Women/Men 107 106 106 108 110 111 111 1.09

lworse than 20/40 but better than 20/200, based on the visual acuity in the best corrected, better seeing eye

2 . - .
20/200 or worse, based on visual acuity in the best corrected, better seeing eye
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