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Visual impairment is defined as low vision
not correctable by glasses or contact lenses; it
may have different causes. Visual impairment
is recognized as a global public health prob-
lem.'* Worldwide, an estimated 37 million
people were blind in 2002, and an additional
124 million were visually impaired.’ The
leading causes of blindness and visual impair-
ment, determined on the basis of a composite
analysis of several population-based studies
conducted in developed and developing
countries, are primarily age-related eye dis-
eases: cataracts, glaucoma, macular degenera-
tion, and diabetic retinopathy.'?

Healthy People 2010 established national
vision objectives to improve visual health
through prevention, early detection, treat-
ment, and rehabilitation.** When the Healthy
People 2010 vision objectives were published
in 2000, all but 1 lacked national baseline
data.® Because of cost and logistical difficulty,
nationwide studies concerning the prevalence
of visual impairment and eye diseases in the
United States have been limited. Most US
data come from population-based studies of
visual impairment in specific demographic
groups®” or locations.®* Prevalence esti-
mates may be obtained through self-reports
in interview surveys or through surveys that
include eye and vision examinations. The
most recent national data on measured visual
impairment are from the National Health and
Nutrition Examination Survey (NHANES);
these data were used to estimate that 6.4% of
persons 12 years and older had visual acuity
of 20/50 or worse in the better-seeing eye
in 1999 to 2002." NHANES 1999 to 2002
did not collect data on eye diseases.

For our study, we sought to (1) provide
national data for adults on the prevalence of
self-reported visual impairment, blindness,
and 4 diagnosed eye conditions (cataract,
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Objectives. We sought to establish national data on the prevalence of visual im-
pairment, blindness, and selected eye conditions (cataract, diabetic retinopathy,
glaucoma, and macular degeneration) and to characterize these conditions within
sociodemographic subgroups.

Methods. Information on self-reported visual impairment and diagnosed eye
diseases was collected from 31044 adults. We calculated weighted prevalence
estimates and odds ratios with logistic regression using SUDAAN.

Results. Among noninstitutionalized US adults 18 years and older, the estimated
prevalence for visual impairment was 9.3% (19.1 million Americans), including
0.3% (0.7 million) with blindness. Lifetime prevalence of diagnosed diseases was
as follows: cataract, 8.6% (17 million); glaucoma, 2.0% (4 million); macular de-
generation, 1.1% (2 million); and diabetic retinopathy, 0.7% (1.3 million). The prev-
alence of diabetic retinopathy among persons with diagnosed diabetes was 9.9%.

Conclusions. We present the most recently available national data on self-reported
visual impairment and selected eye diseases in the United States. The results of this
study provide a baseline for future public health initiatives relating to visual im-
pairment. (Am J Public Health. 2008;98:454-461. doi:10.2105/AJPH.2006.098202)

diabetic retinopathy, glaucoma, and macular
degeneration) and (2) characterize these con-
ditions within sociodemographic subgroups.
Self-reported data from the 2002 National
Health Interview Survey (NHIS) provide the
most recent national estimates for these 4
eye conditions.

METHODS

Data Source

We used data from the 2002 NHIS sample
adult component.”? In 2002, a detailed NHIS
Vision Health supplement collected data on
4 eye diseases for 31 044 persons who were
18 years and older, in addition to the regularly
collected data on visual impairment and
blindness.***

The NHIS is a continuous household sur-
vey of the civilian noninstitutionalized popu-
lation; it is conducted by the National Center
for Health Statistics of the Centers for Disease
Control and Prevention."” The NHIS uses
multistage, stratified probability samples of

clusters of households. Black and Hispanic
people are oversampled.”” The NHIS obtains
information on a variety of health measures
and plays a pivotal role in tracking national
health objectives. Data are collected by the
US Census Bureau through in-person house-
hold interviews. The 2002 household re-
sponse rate for the NHIS was 89.5%. A ran-
domly selected adult from each interviewed
family received the sample adult question-
naire, for which responses are self-reported.
The final sample adult response rate was
74.3%, after taking into account household,
family, and sample adult nonresponse. The
main reason for nonresponse was refusal to
participate. Sample weights used in all analyses
included poststratification adjustments for
design, ratio, nonresponse, and age—gender—
race/ethnicity.

People were classified as having visual im-
pairment if they answered “yes” when asked
the following question: “Do you have any
trouble seeing even when wearing glasses or
contact lenses?” Blindness was defined with
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the following question: “Are you blind or un-
able to see at all?”"* Respondents were classi-
fied as having each of 4 eye diseases—cataract,
diabetic retinopathy, glaucoma, and macular
degeneration—on the basis of whether they
had ever been told by a doctor or other health
professional that they had any of these condi-
tions and, if so, whether they had the condi-
tion during the past 12 months.”® Diagnosed
diabetes was identified with the following
question: “Have you ever been told by a
physician that you have diabetes?””® Excluded
from analyses were 0.5% of adults who did
not respond to the vision questions.

Estimates were made by age, gender, race/
ethnicity, education, income, and diagnosed
diabetes. Race/ethnicity was categorized as
non-Hispanic White, non-Hispanic Black, and
Hispanic. Prevalence of eye diseases for other
single race and multiple race categories are
not shown because of statistical unreliability.
Prevalence of visual impairment for Asians,
American Indians/Alaska Natives, and multi-
ple race people was calculated by pooling
data from the 2002 to 2005 NHIS, because
those data were collected each year. Educa-
tion was categorized as less than high school
(no high school diploma or graduate equiva-
lency diploma [GED]), high school graduate
(received high school diploma or GED), some
college or associate degree, and bachelor’s
degree or higher. Because young adults may
not have completed their education, we ex-
cluded persons younger than 25 years from
analyses involving education.

Income was based on family income, family
size, and the Census Bureau’s poverty thresh-
olds and was categorized as less than 200%
of the federal poverty level and 200% or
more of the federal poverty level. Because
319% of the sample adults were missing exact
family income, the National Center for Health
Statistics imputed missing family income using
sequential regression multivariate multiple-
imputation methodology, which allows vari-
ability caused by imputation to be incorpo-
rated in variance estimates.”'® The imputa-
tion methodology incorporated bounds on
exact family income based on reported 2-
category income (less than $20000 or at
least $20000), which was available for most
of those with missing exact income. Details of
the imputation methodology and comparisons
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TABLE 1—Prevalence of Visual Impairment and Blindness Among US Adults 18 Years and
Older: National Health Interview Survey, 2002

Total

Age group, y
18-44
45-54
55-64
65-74
275

Gender”
Men
Women
Race;/Ethnicity”
Non-Hispanic Black
Non-Hispanic White
Hispanic®
Income level®
Below 200% of FPL
Above 200% of FPL
Education level”
Less than high school
High school graduate
Some college or associate’s degree
Bachelor’s degree or higher
Diagnosed diabetes”
Persons with diabetes
Persons without diabetes
Total”

Visual Impairment,” Blindness,
% (95% Cl) % (95% Cl)
9.3(8.9,9.7) 0.3(0.3,0.4)
5.7(5.2,6.2) 0.2(0.1,0.2)
11.5(10.5,12.5) 0.3(0.2,0.5)
10.4 (9.3,11.4) 0.3(0.1,0.5)
14.5 (13.0, 16.0) 0.5(0.3,0.8)
21.1(19.4,22.8) 1.5(1.0,2.0)
7.8(7.3,8.4) 0.3(0.2,0.5)
10.6 (10.0,11.1) 0.3(0.3,0.4)
11.7 (10.5,13.0) 05(0.2,0.7)
9.1(8.6,9.6) 0.3(0.3,0.4)
9.0(7.9,10.1) 0.4(0.2,0.7)
13.3(12.5,14.2) 0.7 (0.5,0.9)
7.9(7.4,8.3) 0.2(0.2,0.3)
14.4 (13.2,15.5) 0.6 (0.4,0.8)
10.2 (9.4,11.0) 0.4(0.2,0.6)
9.9(9.1,10.7) 0.3(0.2,0.4)
7.4(6.6,8.2) 0.3(0.1,0.4)
18.4 (15.4,21.3) 0.9°(0.3,1.4)
8.6(8.2,9.0) 0.3(0.2,0.4)
9.3(8.9,9.7) 0.4(0.3,0.4)

Note. Cl = confidence interval; FPL="federal poverty level.
*Includes blindness.

*Adjusted for age.

°Persons of Hispanic origin may be of any race.

of estimates using multiple, single, and no im-

putation have been published previously.'®

Statistical Analysis

We calculated prevalence estimates, ex-
pressed both as percentages and population
counts, using sample weights, which sum to
the civilian noninstitutionalized US popula-
tion.” All analysis was completed using the
Descript and Logistic procedures in SUDAAN
(Research Triangle Institute, Research Trian-
gle Park, NC)."” We used Taylor series lin-
earization for variance estimation and incor-
porated sample weights, clustering, and
stratification. Differences between percent-
ages were evaluated using a 2-sided ¢ test at
the .05 level of significance with no adjust-
ments for multiple comparisons.

UEstimates are considered unreliable. Relative standard error is greater than 30%.

We used direct standardization to age-adjust
percentages to the 2000 US standard population
with the following age groups: 18 to 24 years, 25
to 34 years, 35 to 44 years, 45 to 64 years, and
65 years and older.”® For analyses by education, the
age groups used were 25 to 34 years, 35 to 44
years, 45 to 64 years, and 65 years and older.

We used multivariable logistic regression
to assess the association between sociodemo-
graphic variables, diagnosed diabetes, and the
following outcome variables: visual impair-
ment, cataract, glaucoma, and macular degen-
eration. Regression analyses were limited to
participants who were 25 years and older so
that education could be included. For each
outcome variable, 2 models were used.
Model 1 included all sociodemographic
variables (age group, gender, race/ethnicity,
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income, and education), and model 2 added
diagnosed diabetes. Because diabetes is asso-
ciated with visual impairment and eye dis-
eases and is correlated with the sociodemo-
graphic variables, we completed the logistic
regression analyses with and without adjust-
ing for diagnosed diabetes. Odds ratios (ORs)
for gender, age, race/ethnicity, income, and
education were similar in both models; there-
fore, only model 2 results are shown. We per-
formed the Wald F test to evaluate the influ-
ence of each predictor variable after adjusting
for the other variables.

We also used logistic regression to assess
the association between sociodemographic
variables and diabetic retinopathy. That anal-
ysis was limited to adults with diagnosed dia-
betes because only people with diabetes can
have diabetic retinopathy.

RESULTS

Visual Impairment and Blindness

In the United States in 2002, 19.1 million
civilian, noninstitutionalized adults reported
some visual impairment, including 0.7 million
who reported being blind. The overall preva-
lence of visual impairment was 9.3% (Table
1). The prevalence increased significantly
with age, from 5.7% among people aged 18
to 44 years to 21.1% among people 75 years
and older. The prevalence of visual impairment
was higher among women than among men.

There was a strong inverse relation be-
tween both education and income and visual
impairment (Table 1). Visual impairment
among those with low income was almost 2
times that of those with higher income. Peo-
ple with diagnosed diabetes were more than
twice as likely to be visually impaired as
those without diabetes. Non-Hispanic Blacks
had a higher prevalence of visual impairment
than did non-Hispanic Whites or Hispanics.
In 2002 to 2005, the prevalence of visual
impairment was also higher for American
Indians/Alaska Natives and multiple race
people than for non-Hispanic White or His-
panic people, whereas the prevalence for
Asians was lower than for non-Hispanic
Whites or Hispanics (Table 2).

In 2002, 30.6% of visually impaired
people reported having 1 or more of 4
eye diseases in the past 12 months: the
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prevalence of cataract among people with vi-
sual impairment was 19.4%, the prevalence
of glaucoma was 6.1%, the prevalence of
macular degeneration was 6.0%, and the
prevalence of diabetic retinopathy was 3.4%.

The prevalence of blindness among US
adults was 0.3% in 2002 and did not differ
between men and women. The prevalence of
blindness was significantly higher for respon-
dents 75 years and older than for younger
people and was inversely related to education
and income.

Selected Eye Diseases

Among adults 18 years and older, the
lifetime prevalences for self-reported diag-
nosed eye conditions were as follows:
cataract, 8.6%; glaucoma, 2.0%; and macu-
lar degeneration, 1.1% (Table 3). Prevalence
rates for having these diseases in the past
12 months were lower for cataract (5.1%)
and similar to the lifetime prevalence esti-
mated for glaucoma and macular degenera-
tion (1.8% and 1.0%, respectively), as ex-
pected. Among those who reported having
these diseases in the past 12 months, the
percentage reporting visual impairment was
30.1% for those with cataract, 33.1% for
those with glaucoma, and 50.6% for those
with macular degeneration.

Lifetime prevalence of diagnosed cataract,
glaucoma, and macular degeneration in-
creased with age. Cataract was the most
frequently reported eye condition in older
people, reported by 53.4% of those 75 years

and older. The prevalence of diagnosed glau-
coma for non-Hispanic Black adults was more
than twice that of non-Hispanic White and
Hispanic adults. Diagnosed macular degener-
ation was 2 times as prevalent among non-
Hispanic Whites as among non-Hispanic
Blacks. Non-Hispanic White adults also were
more likely to be diagnosed with cataract than
were non-Hispanic Black or Hispanic adults.
Education and income were inversely asso-
ciated with the prevalence of cataract and
glaucoma. For people with diagnosed diabetes,
prevalences of cataract (13.9%) and glaucoma
(3.9%) were higher than for people without
diabetes (8.3% and 1.8%, respectively).

Diabetes Mellitus and Diabetic
Retinopathy

We estimated the prevalence of diabetic
retinopathy for all adults and for those with
diagnosed diabetes only, because only people
with diabetes are at risk for diabetic retinop-
athy. The estimated prevalence of diagnosed
diabetes among adults was 6.5%, or 13.4
million people; the estimated prevalence of
diabetic retinopathy among adults was 0.7%,
or 1.3 million people; and the prevalence of
diabetic retinopathy among those with diag-
nosed diabetes was 9.9% (Table 4). Of those
with diabetic retinopathy, 52.1% reported
visual impairment.

The prevalence of diabetic retinopathy
among the general population increased with
age through ages 65 to 74 years, but among
persons with diagnosed diabetes, there was

TABLE 2—Prevalence of Visual Impairment and Blindness Among US Adults 18 years and
Older, by Race/Ethnicity: National Health Interview Survey, 2002-2005

Race/ Ethnicity®
American Indian/Alaska Native
Asian
Non-Hispanic Black
Non-Hispanic White
Hispanic”
Multiple race

Visual Impairment, Blindness,

% (95% Cl) % (95% Cl)
13.5(10.6, 16.4) 0.3°(0.0,0.7)
6.5(5.4,7.5) 0.2°(0.0,0.4)
11.2 (10.6,11.9) 0.5(0.2,0.6)
9.2(8.9,9.5) 0.4(0.3,0.4)
9.3(8.7,9.9) 0.5(0.4,0.7)
16.9 (14.0,19.7) 0.6°(0.0,1.3)

Note. Cl=confidence interval.
*Adjusted for age.
®Persons of Hispanic origin may be of any race/ethnicity.

‘Estimates are considered unreliable. Relative standard error is greater than 30%.
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little difference in the prevalence of retinop-
athy between age groups. No statistically sig-
nificant differences were observed between
genders for diabetic retinopathy, either in the
general population or among people with dia-
betes. Although rates of diagnosed diabetes
and diabetic retinopathy among the total pop-
ulation were significantly higher among His-
panics and non-Hispanic Blacks than among
non-Hispanic Whites, the prevalence of dia-
betic retinopathy among those with diagnosed
diabetes did not differ significantly among
these racial/ethnic groups.

Logistic Regression Results
In multivariate logistic regression models,
age was the most important predictor of visual
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TABLE 3—Prevalence of Ever Being Diagnosed With Cataract, Glaucoma, and Macular
Degeneration Among US Adults 18 Years and Older: National Health Interview Survey, 2002
Cataract, Glaucoma, Macular Degeneration,
% (95% Cl) % (95% Cl) % (95% Cl)
Total 8.6(8.2,9.0) 20(1.8,2.2) 1.1(1.0,1.3)
Age group, y
18-44 0.5(0.4,0.7) 0.4(0.2,0.5) 0.2(0.1,0.2)
45-54 2.7(2.2,32) 1.3(1.0,1.7) 0.4(0.2,0.6)
55-64 9.3(8.2,10.3) 25(2.0,3.) 0.9(0.6,1.1)
65-74 31.0(29.0,32.9) 5.7 (4.7,6.6) 2.8(2.1,3.5)
>75 53.4 (51.2,55.5) 10.3(9.1,11.6) 8.7(7.5,9.8)
Gender®
Men 7.8(7.3,83) 1.9(1.6,2.1) 1.0(08,1.2)
Women 9.8(9.4,10.2) 2.2(2.0,2.5) 1.3(1.1,1.5)
Race\Ethnicity
Non-Hispanic Black 7.5(6.7,84) 4.0(3.3,4.7) 0.5(0.2,0.7)
Non-Hispanic White 9.3(9.0,9.7) 1.9(1.7,2.0) 1.3(1.2,1.5)
Hispanich 6.0 (5.1,6.9) 19(1.4,2.3) 0.6°(0.3,0.9)
Income level®
Below 2009% of FPL 10.2 (9.6,10.7) 25(2.2,2.9) 1.2(0.9,1.4)
Above 200% of FPL 8.4(8.0,8.8) 19(1.7,2.1) 1.2(1.1,1.4)
Education level®
Less than high school 11.6 (10.8,12.5) 2.9(2.4,3.4) 1.2(0.9,1.4)
High school graduate 10.2 (9.5,10.8) 2.3(2.0,2.7) 14(1.1,1.7)
Some college or associate’s degree 10.6 (9.9,11.3) 2.1(1.8,2.5) 15(1.2,1.9)
Bachelor’s degree or higher 9.1(8.3,9.8) 2.0 (1.6,2.5) 1.5(1.1,1.9)
Diagnosed diabetes’®
Persons with diabetes 13.9(12.5,15.3) 39(2.8,5.) 1.4(1.0,1.9)
Persons without diabetes 8.3(8.0,8.6) 1.8 (1.7,2.0) 1.2(1.1,1.3)
Total® 8.9(8.6,9.3) 21(1.9,22) 1.2(1.1,1.3)
Note. Cl = confidence interval; FPL="federal poverty level.
*Adjusted for age.
®Persons of Hispanic origin may be of any race/ethnicity.
“Estimates are considered unreliable. Relative standard error is greater than 30%.

impairment and eye diseases. The adjusted
odds of visual impairment and cataract was
1.3 to 1.4 times higher for women than for
men. After adjusting for other variables, the
odds of visual impairment did not differ be-
tween non-Hispanic Whites and non-Hispanic
Blacks; Hispanics were at reduced odds of vi-
sual impairment compared with non-Hispanic
Whites. Race/ethnicity was found to indepen-
dently influence the likelihood of eye condi-
tions. The adjusted odds of glaucoma for
non-Hispanic Blacks was 2.3 times that for
non-Hispanic Whites, whereas non-Hispanic
Whites were at significantly higher risk of
being diagnosed with macular degeneration
and cataract than non-Hispanic Black and
Hispanic respondents.

After adjusting for other variables, income
and education remained significantly associ-
ated with visual impairment. Both income
below 200% of the federal poverty level and
less than a high school education were asso-
ciated with elevated odds of visual impair-
ment. Income was not, however, significantly
associated with macular degeneration or
glaucoma. Higher levels of education did
not appear to significantly reduce the risk of
being diagnosed with cataract, glaucoma,
and macular degeneration, after adjusting
for other variables.

Diagnosed diabetes was a significant pre-
dictor of visual impairment, cataract, and
glaucoma. The adjusted odds of people with
diagnosed diabetes reporting these eye condi-
tions were approximately twice as high as for
persons without a history of diabetes (Table 5).
Among people with diagnosed diabetes, no
significant associations were found between
the sociodemographic variables and diabetic
retinopathy.

DISCUSSION

To fully describe the impact of visual
impairment and eye diseases on the US
population, data on the nature and extent
of these eye conditions are essential. Al-
though the ideal methodology to obtain
these data would be to conduct a detailed
personal interview and visual examination
that included a comprehensive evaluation
of visual acuity, the optic nerve, and visual
field on a demographically representative
sample of the total US population, this is
neither a logistically feasible nor a finan-
cially viable option.

The NHANES I, Hispanic HANES, and
NHANES 1999 to 2002 collected data on
visual acuity impairment and refractive er-
rors through self-reported history questions
and vision examinations that included mea-
surement of visual acuity and eyeglass pre-
scription.”"*~*! Based on the NHANES 1999
to 2002 data, approximately 6.4% of re-
spondents 12 years and older had distance
visual acuity of 20/50 or worse in the better-
seeing eye and were considered visually im-
paired." The lower prevalence of visual im-
pairment in NHANES may be explained in
part by the difference in the study samples.
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Diabetic Retinopathy
Diabetes Diabetic Among Adults
Mellitus, Retinopathy, With Diabetes,
% (95% Cl) % (95%Cl ) % (95% Cl)

Total 6.5(6.2,6.8) 0.7 (0.5,0.9) 9.9 (85,11.4)
Age group, y

18-44 19(1.7,2.2) 0.2(0.1,0.2) 8.0(5.0,11.1)

45-54 7.4 (6.6,8.2) 0.8(0.5,1.1) 9.8(6.0,13.6)

55-64 12.6 (11.4,13.9) 1.3(0.9,1.6) 9.5(6.7,12.2)

65-74 17.3(15.8,18.7) 24(1.7,31) 12.4(9.1,15.8)

275 149 (13.4,16.4) 1.5(1.1,2.0) 9.2(6.3,12.2)
Gender®

Men 7.3(6.8,7.8) 0.7 (0.6,0.9) 8.0(5.4,10.5)

Women 6.1(5.7,6.5) 0.7 (0.6,0.9) 8.1(6.4,9.9)
Race/Ethnicity®

Non-Hispanic Black 10.1(9.1,11.1) 1.2(0.8,1.6) 8.6 (5.5,11.7)

Non-Hispanic White 5.8(5.4,6.1) 0.6 (0.5,0.7) 7.3(54,9.2)

Hispanic® 9.3(8.2,10.4) 1.3(0.8,1.8) 10.6 (6.2, 14.9)
Income level®

Below 200% of FPL 9.0(8.2,9.7) 1.1(0.9,1.4) 9.0 (6.5,11.5)

Above 200% of FPL 5.7(5.4,6.1) 0.6 (0.5,0.7) 7.3(54,9.2)
Education level®

Less than high school 11.3(10.2,12.3) 15(1.1,1.9) 10.4 (6.5,14.2)

High school graduate 7.8(7.2,85) 0.7 (0.5, 1.0) 7.1(45,9.7)

Some college or associate’s degree 7.2 (6.5,7.9) 0.9(0.6,1.1) 10.0(7.0,13.0)

Bachelor’s degree or higher 4.8(4.2,5.4) 0.5(0.3,0.7) 10.7 (5.0, 16.4)
Total® 6.6 (6.3,6.9) 0.7 (0.6, 0.8) 8.0(6.5,9.4)

Note. Cl = confidence interval; FPL="federal poverty level.
*Adjusted for age.
®Persons of Hispanic origin may be of any race/ethnicity.

The NHIS respondents were interviewed in
their homes and the NHANES visual acuity
examination required the participants to
go to mobile examination centers, so the
NHANES study sample might have been in-
fluenced by nonparticipation of persons with
severe forms of visual impairment who found
it difficult to travel to mobile examination
centers. In addition, visual acuity was not
tested in participants who were too cogni-
tively or physically impaired to take the vi-
sion examination.

During the 1988 to 1994 NHANES III vi-
sion examination, fundus photos of 1 eye of
adult respondents 40 years and older were
taken to estimate prevalence rates of diabetic
retinopathy and macular degeneration in the

US population 40 years and older.”* >’ In
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1988 to 1994, the prevalence of age-related
macular degeneration among respondents
with gradable photographs was 0.5%.2* Par-
ticipants with gradable photographs were
more likely to be younger and male, have
higher family income, report being in good-
to-excellent health, and report less trouble
seeing. Prevalence of diabetic retinopathy was
determined among people 40 years and older
with type II diabetes and a gradable fundus
photo; 20% had diabetic retinopathy.** The
more recent NHANES 1999 to 2004 does
not include questions about eye diseases or
special eye examinations.'"

The most recent previously published data
on the prevalence of eye diseases were obtained
through a meta-analysis of population-based
studies conducted in selected communities in

the United States, Europe, and Australia be-
tween 1985 and 2000.>**"*" By applying
these rates to 2000 US census data, the re-
searchers estimated the prevalence of se-
lected eye diseases in the United States
among adults 40 years and older.

The 2002 NHIS provides the most recent
national data on both self-reported visual im-
pairment and diagnosed eye diseases. Data
were collected for a nationally representative
sample, allowing estimation of visual impair-
ment and eye diseases for a wide variety of
population subgroups. The large sample size
facilitates investigation of the association be-
tween self-reported visual impairment and
eye diseases and a wide range of self-reported
sociodemographic and health characteristics.

The NHIS includes questions on visual im-
pairment, but not eye diseases, every year.
Prevalence estimates of visual impairment in
2003 to 2005, the most recent data available,
do not differ significantly from the 2002
NHIS data we used."***?%2

Visual impairment was inversely associ-
ated with income and education, after adjust-
ing for other variables. In the NHIS, visual
impairment is defined as “trouble seeing
even when wearing glasses or contact
lenses.” This inverse association may be ex-
plained in part by a greater likelihood of
persons with lower income and education
to not have properly corrected vision be-
cause of financial or nonfinancial barriers to
obtaining eye care or new glasses.

Our findings support previous research
showing that age and race/ethnicity are
strongly associated with eye diseases.* "
After we adjusted for other variables, non-
Hispanic Whites were at higher risk of
cataract and macular degeneration and non-
Hispanic Blacks were more likely to report
glaucoma. Our results concerning the relation
between race/ethnicity and eye diseases are
consistent with previous studies,?**>2° but
the reason for these racial/ethnic differences
is unknown. Diagnosed diabetes was strongly
associated with visual impairment, cataract,
and glaucoma. Our analysis did not control
for having a recent eye examination, so the
higher prevalence of diagnosed eye diseases
among persons with diagnosed diabetes
might be related in part to more frequent use
of the health care system.
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Among people with diagnosed diabetes,
there were no significant associations be-
tween sociodemographic variables and dia-
betic retinopathy. However, in the overall
population, diabetic retinopathy was associ-
ated with education and income, reflecting
the greater likelihood of being diagnosed
with diabetes among those with lower in-
come and education. The prevalence of dia-
betic retinopathy increased with age and
then declined beginning at age 75 years.
The reduced prevalence of diabetic retinop-
athy in noninstitutionalized elderly individu-
als may be explained by reduced survival and
increased nursing home use among older

March 2008, Vol 98, No. 3 | American Journal of Public Health

people with diabetes.**~* Diabetic retinop-
athy, as a complication of diabetes, character-
izes more severe diabetes with its life-threat-
ening consequences.”*

Age-related eye diseases result in substantial
health care use and costs.>*>"3*3 The num-
ber of people with age-related eye diseases is
projected to increase significantly,”*”*%" driven
largely by people older than 65 years, the
fastest-growing segment of the US population.
This increase will have important implications
for the health care system in the United
States. Prevention strategies that may help to
avoid the expected increase in visual impair-
ment among the aging population include

TABLE 5—Adjusted Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Prevalence of Visual Impairment and Ever
Being Diagi d With Selected Eye Diseases Among US Adults: National Health Interview Survey, 2002
Visual Impairment Cataract Glaucoma Macular Degeneration Diabetic Retinopathy”
OR (95% C1) P OR (95%C1) P OR (95% C1) p OR (95%C1) P OR (95% C1) p
Age group,y
18-44 (Ref) 1.00 1.00 1.00 1.00 1.00
45-54 2.17*(1.90,2.47) 4.78* (3.49,6.54) 351*(2.23,5.52) 2.14* (1.05,4.39) 1.19(0.64,2.20)
55-64 1.73* (1.49,2.01) 17.04* (12.92,22.48) 6.70* (4.34,10.35) 460* (2.58,8.22) 122(0.71,2.09)
65-74 2.22* (1.89,2.61) 71.86* (55.05,93.80) 14.55* (9.73,21.76) 1597+ (9.34,27.31) 1.49(0.86,2.58)
>75 334%(2.87,383) <001 186.53*(14355,242.33) <001 29.28*(19.64,4367) <001  51.30%(31.03,8482) <001  1.18(0.68,205 .37
Gender
Men (Ref) 1.00 1.00 1.00 1.00 1.00
Women 1.31* (1.19,1.45) 1.36* (1.22,1.53) 1.20(0.99, 1.45) 1.28(0.99,1.66) 1.14(0.80,1.62)
Race/Ethnicity
Non-Hispanic White (Ref) 1.00 1.00 1.00 1.00 1.00
Non-Hispanic Black 1.09(0.93,1.27) 0.69* (0.58,0.83) 2.27* (1.78,2.90) 0.40* (0.23,0.67) 1.08(0.70,1.67)
Hispanic 0.69* (0.59,0.81) 0.50* (0.40,0.62) 0.95(0.70,1.30) 0.54* (0.30,0.96) 1.30(0.76,2.21)
Income level
Below 200% of FPL 1.51* (1.34,1.70) 1.17%(1.03,1.33) 1.05(0.83,1.33) 0.89 (0.66,1.22) 1.20(0.84,1.73)
Above 200% of FPL (Ref) 1.00 1.00 1.00 1.00 1.00
Education level
Less than high school 1.74* (1.47,2.05) 1.23*(1.03,1.48) 1.08(0.79,1.49) 0.80(0.54,1.19) 1.03(0.58,1.83)
High school graduate 1.29* (1.11,1.49) 1.08(0.92,1.26) 1.01(0.76,1.35) 0.92(0.65,1.29) 0.64(0.36,1.14)
Some college or associate’s  1.23* (1.06, 1.42) 1.18(1.00,1.39) 0.91(0.66,1.24) 1.02(0.70,1.47) 0.96 (0.59, 1.66)
degree
Bachelor's degree or higher ~ 1.00 <001 1.00 06 1.00 50 1.00 2 1.00 72
(Ref)
Diagnosed diabetes
Persons with diabetes 2.20* (1.91,2.54) 2.23*(1.90,2.62) 1.93* (1.50,2.47) 1.13(0.81,1.56) NA
Persons without diabetes 1.00 1.00 1.00 1.00 NA
(Ref)
Note. FPL=federal poverty level; NA=not applicable. ORs are adjusted for all other variables in the model.
“Logistic regression analyses for diabetic retinopathy included only persons with diagnosed diabetes.
"For test of linear trend.
P<.05 (2-tailed).

regular eye examinations, enhanced glycemic
and blood pressure control, and early diagno-
sis and treatment for eye diseases.?* 2638740

Limitations

Limitations of the study should be noted.
First, NHIS vision data are based on self-
reports. This may result in considerable un-
derreporting; some population studies have
found that approximately half of people with
cataract, glaucoma, and macular degeneration
were aware of their condition.>*** Approxi-
mately 30% of people with diabetes have
not been diagnosed, and such individuals

may have diabetic retinopathy as well.*>*?
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In addition, underreporting may differ among
population subgroups.

The NHIS self-reported vision data were
not validated against physician-confirmed
diagnoses or vision examinations. Although
the NHANES 1999 to 2002 included a vi-
sual acuity examination, the 2002 NHIS and
1999 to 2002 NHANES visual impairment
estimates were not directly comparable be-
cause different definitions of visual impair-
ment were used in these surveys. The NHIS
question on visual impairment did not ask
about visual acuity but rather the respon-
dents’ perception of the quality of their vision.

Second, because the NHIS visual impair-
ment question asked about trouble seeing even
when wearing glasses, the estimates of impair-
ment do not include people with eye diseases
who do not have trouble seeing as well as
those who had their vision corrected. Also,
questions pertaining to the specific type of eye
disease (i.e., type of glaucoma or cataract) were
not asked. Because diagnostic criteria, protocol,
and definitions for the various causes of low
vision and eye diseases differ among eye care
professionals,>*%*"** the potential for misclas-
sification is an issue even among respondents
with recent eye examinations.

Third, the NHIS did not ask for the cause
of visual impairment. Approximately 35%
of those reporting visual impairment also
reported ever being diagnosed with 1 of the
4 eye diseases included in the NHIS. The
NHIS vision data do not include information
on uncorrected refractive error or other eye
conditions that can cause visual
impairment. >4

Fourth, because the NHIS excludes institu-
tionalized people, a population at high risk for
illness and disability, the results underesti-
mate the total prevalence of visual impair-
ment and eye diseases. The 1999 National
Nursing Home Survey reported that among
approximately 4 million people in nursing
homes, the prevalence of visual impairment
was approximately 27%.%

Fifth, the final response rate for sample
adults was 74.3% in 2002, with a potential
for bias caused by nonresponse. However,
sample weights used in all analyses in-
cluded nonresponse and poststratification
adjustments. Exact family income was im-
puted for 31% of sample adults. However,
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the imputation methodology incorporated a
substantial amount of information, and the
use of multiple imputation enabled uncer-
tainty associated with imputation to be ac-
counted for in variance estimation. Finally,
blindness and eye disease prevalence esti-
mates were unreliable for some small
racial/ethnic groups.

Conclusions

Among the estimated 205 million US
civilian, noninstitutionalized adults who
were 18 years and older in 2002, approxi-
mately 19.1 million people were visually
impaired, including 0.7 million persons
who were blind. Approximately 17 million
persons reported having ever been diag-
nosed with cataracts, 4.1 million had glau-
coma, 2.1 million reported macular degen-
eration, and 1.3 million persons had
diagnosed diabetic retinopathy.

The 2002 NHIS provides the most recent
national data on both self-reported visual
impairment and diagnosed eye diseases.
The results of this study provide a baseline
for future public health initiatives relating to
visual impairment.

About the Authors

Asel Ryskulova, Kathleen Turczyn, Diane M. Makuc, and
Richard J. Klein are with the Office of Analysis and Epide-
miology, National Center for Health Statistics, Hyattsville,
Md. Mary Frances Cotch and Rosemary Janiszewski are
with the National Eye Institute, National Institutes of
Health, Bethesda, Mad.

Requests for reprints should be sent to Asel Ryskulova,
Office of Analysis and Epidemiology, National Center for
Health Statistics, CDC, 3311 Toledo Rd, Room 6309,
—Hyattsville, MD 20782 (e-mail: aryskulova@cdc.gov).

This article was accepted April 19, 2007.

Contributors

A. Ryskulova and K. Turczyn originated and designed
the study. D.M. Makuc, R.]. Klein, M. E. Cotch, and

R. Janiszewski provided critical reviews and recommenda-
tions on the study design and data analysis. A. Ryskulova
carried out the data analyses and wrote the drafts of
the article. All of the authors contributed to interpreta-
tion of results and to article revisions.

Acknowledgments

We thank Jennifer Madans, Linda Bilheimer, Kate Brett,
and Laura Pratt for their helpful comments on drafts of
the article.

Human Participant Protection
No protocol approval was needed for this study because the
data are publicly available and do not contain identifiers.

References

1. Resnikoff S, Pascolini D, Etya’ale D, et al. Global
data on visual impairment in the year 2002. Bull
World Health Organ. 2004;82:844—-851.

2. Congdon N, O’Colmain B, Klaver CC, et al., and
the Eye Diseases Prevalence Research Group. Causes
and prevalence of visual impairment among adults in
the United States. Arch Ophthalmol. 2004;122:477—-485.

3. Healthy People 2010: Understanding and Improving
Health. Washington, DC: US Department of Health and
Human Services; 2000.

4. US Department of Health and Human Services.
Healthy Vision 2010 data, publications and other
resources. Available at: http://www.healthy-
vision2010.nei.nih.gov. Accessed June 15, 2006.

5. Saaddine JB, Narayan KM, Engelgau MM, Aubert RE,
Klein R, Beckles GL. Prevalence of self-rated visual im-
pairment among adults with diabetes. Am J Public
Health. 1999;89:1200-1205.

6.  Rodriguez ], Sanchez R, Munoz B, et al. Causes
of blindness and visual impairment in a population-
based sample of US Hispanics. Ophthalmology. 2002;
109:737-743.

7. Desai M, Pratt LA, Lentzner H, Robinson KN.
Trends in Vision and Hearing Among Older Americans.
Hyattsville, Md: National Center for Health Statistics;
2001. Aging Trends, No 2.

8. Varma R, Ying-Lai M, Klein R, Azen SP, Los An-
geles Latino Eye Study Group. Prevalence and risk in-
dicators of visual impairment and blindness in Latinos:
the Los Angeles Latino Eye Study. Ophthalmology.
2004;111:1132-1140.

9. Munoz B, West SK, Rubin GS, et al. Causes of
blindness and visual impairment in a population of
older Americans: the Salisbury Eye Evaluation Study.
Arch Ophthalmol. 2000;118:819-825.

10. Rahmani B, Tielsch JM, Katz ], et al. The cause-
specific prevalence of visual impairment in an urban

population: the Baltimore Eye Survey. Ophthalmology.
1996;103:1721-1726.

11. Vitale S, Cotch MF, Sperduto RD. Prevalence of
visual impairment in the United States. JAMA. 2006;
295:2158-2163.

12. Botman SL, Moore TF, Moriarity CL, Parsons VL.
Design and estimation for the National Health Inter-
view Survey, 1995-2004. National Center for Health
Statistics. Vital Health Stat 2. 2000;130:1-31.

13. National Center for Health Statistics. 2002 Na-
tional Health Interview Survey (NHIS) Public Use Data
Release. NHIS Survey Description. Hyattsville, Md: Na-
tional Center for Health Statistics; 2003. Available at:
ftp://ftp.cdc.gov/pub/Health_Statistics/ NCHS/Dataset_
Documentation/NHIS/2002/srvydesc.pdf. Accessed
June 16, 2006.

14. Lethbridge-Cejku M, Rose D, Vickerie J. Summary
health statistics for US adults: National Health Inter-
view Survey, 2004. National Center for Health Statis-
tics. Vital Health Stat 10. 2006;228:1—-154.

15. Schenker N, Raghunathan TE, Chiu P-L, Makuc DM,
Zhang G, Cohen A]. Multiple imputation of family in-
come and personal earnings in the National Health
Interview Survey: methods and examples. Hyattsville,
Md: Center for Disease Control and Prevention, Na-
tional Center for Health Statistics; 2004. Available at:
http://www.cdc.gov/nchs/data/nhis/tecdoc1.pdf. Ac-
cessed June 16, 2006.

American Journal of Public Health | March 2008, Vol 98, No. 3



16. Schenker N, Raghunathan TE, Chiu P-L, Makuc DM,
Zhang G, Cohen AJ. Multiple imputation of missing
income data in the National Health Interview Survey.
J Am Stat Assoc. 2006;101:924-933.

17. Research Triangle Institute. SUDAAN User’s Man-
ual, release 9.0.1. Research Triangle Park, NC: Re-
search Triangle Institute; 2005.

18. Klein R], Schoenborn CA. Age Adjustment Using

the 2000 Projected US Population. Hyattsville, Md: Na-
tional Center for Health Statistics; 2001. Healthy Peo-
ple 2010 Statistical Notes, No 20.

19. Centers for Disease Control and Prevention, Na-
tional Center for Health Statistics. National Health and
Nutrition Examination Survey data sets and related
documentation (Survey description, questionnaire, ex-
amination protocols). Available at: http://www.cdc.gov/
nchs/about/major/nhanes/datalink htm. Accessed June
16, 2006.

20. Lee DJ, Gomez-Marin O, Lam BL. Prevalence of
uncorrelated binocular distance visual acuity in His-
panic and non-Hispanic adults. Results from the
HHANES and the NHANES 1. Ophthalmology. 1998;
105:555-560.

21. National Center for Health Statistics. Plan and op-
eration of the Third National Health and Nutrition Ex-

amination Survey, 1988-94. Vital Health Stat 1. 1994;
32:1-407.

22. Klein R, Klein BE, Jensen SC, Mares-Perlman JA,
Cruickshanks K], Palta M. Age-related maculopathy in
a multiracial United States population: the National
Health and Nutrition Examination Survey IIL. Ophthal-
mology. 1999;106:1056—-1065.

23. Millen AE, Gruber M, Klein R, Klein BE, Palta M,
Mares JA. Relations of serum ascorbic acid and alpha—
tocopherol to diabetic retinopathy in the Third Na-
tional Health and Nutrition Examination Survey. Am ]
Epidemiol. 2003;158:225-233.

24. The Eye Diseases Prevalence Research Group. The
prevalence of diabetic retinopathy among adults in the
United States. Arch Ophthalmol. 2004;122:552-563.

25. The Eye Diseases Prevalence Research Group.
Prevalence of cataract and pseudophakia/aphakia
among adults in the United States. Arch Ophthalmol.
2004;122:487-494.

26. The Eye Diseases Prevalence Research Group.
Prevalence of open-angle glaucoma among adults in the
United States. Arch Ophthalmol. 2004;122:532—-538.

27. The Eye Diseases Prevalence Research Group.
Prevalence of age-related macular degeneration in the
United States. Arch Ophthalmol. 2004;122:564-572.

28. Lethbridge-Cejku M, Vickerie J. Summary health
statistics for US adults: National Health Interview Survey,
2003. National Center for Health Statistics. Vital Health
Stat 10. 2005;225:1-151. Available at: http://www.
cde.gov/nchs/products/pubs/pubd/series/sr10/pre_230/
pre-230.htm. Accessed December 15, 2006.

29. Pleis JR, Lethbridge-Cejku M. Summary health
statistics for US adults: National Health Interview Sur-
vey, 2005. National Center for Health Statistics. Vital
Health Stat 10. 2007;232:153—-163.

30. Russell LB, Valiyeva E, Roman SH, Pogach LM,
Suh DC, Safford MM. Hospitalizations, nursing home
admissions, and deaths attributable to diabetes. Dia-
betes Care. 2005;28:1611-1617.

31. Rajala U, Pajunpaa H, Koskela P, Keinanen-

March 2008, Vol 98, No. 3 | American Journal of Public Health

| RESEARCH AND PRACTICE |

Kiukaanniemi S. High cardiovascular disease mortality
in subjects with visual impairment caused by diabetic
retinopathy. Diabetes Care. 2000;23:957-961.

32. Jones A. The National Nursing Home Survey:
1999 summary. National Center for Health Statistics.
Vital Health Stat 13. 2002;152:1-116.

33. Van Hecke MV, Dekker JM, Stehouwer CD, et al.
Diabetic retinopathy is associated with mortality and
cardiovascular disease incidence: the EURODIAB Pro-
spective Complications Study. Diabetes Care. 2005;28:
1383-1389.

34. Ellwein LB, Urato CJ. Use of eye care and associ-
ated charges among the Medicare population: 1991—
1998. Arch Ophthalmol. 2002;120:804—-811.

35. Kozak L], Owings MF. Ambulatory and inpatient
procedures in the United States, 1995. National Cen-
ter for Health Statistics. Vital Health Stat 13. 1998;
135:1-116.

36. Lee PP, Feldman ZW, Ostermann ], Brown DS,
Sloan FA. Longitudinal prevalence of major eye dis-
eases. Arch Ophthalmol. 2003;121:1303-1310.

37. Massof RW. A model of the prevalence and inci-
dence of low vision and blindness among adults in the
United States. Optom Vis Sci. 2002;79:31-38.

38. Cramer JA, Pugh M]. The influence of insulin use
on glycemic control: How well do adults follow pre-
scriptions for insulin? Diabetes Care. 2005;28:78—-83.

39. Wang F, Javitt JC. Eye care for elderly Americans
with diabetes mellitus. Failure to meet current guidelines.
Ophthalmology. 1996;103:1744—-1750.

40. American Academy of Ophthalmology. Preferred
Practice Pattern: Diabetic Retinopathy. San Francisco,
Calif: American Academy of Ophthalmology; 1998.

41. Linton KL, Klein BE, Klein R. The validity of self-
reported and surrogate-reported cataract and age-re-
lated macular degeneration in the Beaver Dam Eye
Study. Am | Epidemiol. 1991;134:1438-1446.

42. Harris MI, Flegal KM, Cowie CC, et al. Prevalence
of diabetes, impaired fasting glucose, and impaired glu-
cose tolerance in US adults. The Third National Health
and Nutrition Examination Survey, 1988-1994. Dia-
betes Care. 1998;21:518—-524.

43. Cowie CC, Rust KF, Byrd-Holt D, et al. Preva-
lence of diabetes and impaired fasting glucose in
adults—United States, 1999-2000. MMWR. 2003;
52:833-837.

44. Wu SY, Nemesure B, Leske MC. Observed versus
indirect estimates of incidence of open-angle glaucoma.
Am ] Epidemiol. 2001;153:184—187.

45. The Eye Diseases Prevalence Research Group.
The prevalence of refractive errors among adults in the
United States, Western Europe, and Australia. Arch
Ophthalmol. 2004;122:495-505.

Ryskulova et al. | Peer Reviewed | Research and Practice | 461



