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IT IS ESTIMATED THAT MORE THAN 14
million individuals in the United
States aged 12 years and older are
visually impaired (�20/40). Of

these cases, 11 million are attributable
to refractive error.1 In the United States,
the most common causes of nonrefrac-
tive visual impairment are age-related
macular degeneration, cataract, dia-
betic retinopathy, glaucoma, and other
retinal disorders.2,3 Previous studies
have shown that visual impairment is
common in diabetic persons; 11% of
adults with diabetes have a visual acu-
ity of less than 20/40, and 3.8% (one-
third of the 11%) of these cases can-
not be corrected with refraction.4

Among individuals with diabetes aged
40 years and older, 28% to 40% have
diabetic retinopathy and 4.1% to 8.2%
have vision-threatening diabetic reti-
nopathy (retinopathy severity level
�50, macular edema, or both).5,6 Dia- betic retinopathy is the leading cause

of new cases of legal blindness among
adults aged 20 to 74 years and has been
reported as the leading cause of blind-
ness among US adults aged 40 years and
older.7-9

The prevalence of diagnosed diabe-
tes has increased among adults in re-
cent years,10 rising from 4.9% in 1990
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Context Over the past decade, chronic illnesses with ophthalmic sequelae such as
diabetes and diabetic retinopathy have increased.

Objectives To estimate prevalence of nonrefractive visual impairment and to describe
its relationship with demographic and systemic risk factors including diagnosed diabetes.

Design, Setting, and Participants The National Health and Nutrition Examina-
tion Survey (NHANES) examined a representative sample of the US noninstitutional-
ized population. In 1999-2002 and 2005-2008, 9471 and 10 480 participants aged
20 years or older received questionnaires, laboratory tests, and physical examina-
tions. Visual acuity of less than 20/40 aided by autorefractor was classified as nonre-
fractive visual impairment.

Main Outcome Measure Nonrefractive visual impairment.

Results Weighted prevalence of nonrefractive visual impairment increased 21% among
US adults aged 20 years and older from 1.4% in 1999-2002 to 1.7% in 2005-2008
(P=.03); and increased 40% among non-Hispanic whites aged 20-39 years from 0.5%
to 0.7% (P=.008). In multivariable analyses, statistically significant risk factors for non-
refractive visual impairment in 1999-2002 included age (per year odds ratio [OR], 1.07;
95% CI, 1.05-1.09), poverty (OR, 2.18; 95% CI, 1.31-3.64), lack of insurance (OR,
1.85; 95% CI, 1.16-2.95), and diabetes with 10 or more years since diagnosis (OR,
1.93; 95% CI, 1.15-3.25). In 2005-2008, risk factors included age (OR, 1.05; 95%
CI, 1.04-1.07), poverty (OR, 2.23; 95% CI, 1.55-3.22), education less than high school
(OR, 2.11; 95% CI, 1.54-2.90), and diabetes with 10 or more years since diagnosis
(OR, 2.67; 95% CI, 1.64-4.37). Prevalence of diabetes with 10 or more years since
diagnosis increased 22% overall from 2.8% to 3.6% (P=.02); and 133% among non-
Hispanic whites aged 20-39 years from 0.3% to 0.7% (P� .001).

Conclusion Prevalence of nonrefractive visual impairment was significantly higher
in 2005-2008 than in 1999-2002 and may be attributable, in part, to higher preva-
lence of diabetes, an associated risk factor that increased in prevalence during this time
period.
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to 6.5% in 1998, 7.9% in 2001, 10.7%
in 2007, and 11.3% in 2010.9-13 Among
US individuals aged 20 to 39 years,
there is evidence that diabetes preva-
lence may be increasing as well, from
2.1% in 1990 to 3.7% in 1998.11 A study
of diabetes prevalence in Native Ameri-
can populations reported a 46% in-
crease among individuals aged 20 to 34
years from 1990 to 1998.14 Recent stud-
ies have shown that higher rates of re-
nal disease are associated with increas-
ing rates of diabetes.15 Because diabetes
is also strongly associated with visual
impairment, we hypothesized that non-
refractive visual impairment preva-
lence would also be higher in more re-
cent time periods, and that this might
be evident among younger adults.

This study analyzed data from the
National Health and Nutrition Exami-
nation Survey (NHANES), which has
continually assessed visual acuity
among US residents since 1999 to com-
pare the prevalence of nonrefractive vi-
sual impairment among US adults in 2
time periods, 1999 to 2002 and 2005
to 2008 to describe factors associated
with risk of nonrefractive visual im-
pairment with particular attention to
diabetes and to document changes in
the prevalence of risk factors for non-
refractive visual impairment over time.

METHODS
NHANES is a cross-sectional sample of
the noninstitutionalized US popula-
tion, with ongoing surveys of health sta-
tus performed in 2-year cycles by the
National Center for Health Statistics,
Centers for Disease Control and Pre-
vention.16 In each 2-year cycle, ap-
proximately 10 000 individuals are
recruited and are administered an in-
home questionnaire. Participants are
then invited to a mobile examination
center for an extensive examination that
includes physical examinations, assess-
ments, and laboratory tests. The
NHANES 1999-2008 protocol was re-
viewed and approved by the National
Center for Health Statistics research eth-
ics review board. Written informed con-
sent was obtained from all partici-
pants.

NHANES data were analyzed to ob-
tain the estimated prevalence of non-
refractive visual impairment, its risk fac-
tors, and the changes in prevalence of
nonrefractive visual impairment and as-
sociated risk factors over a 10-year pe-
riod. Participants aged 20 years and
older who participated in the house-
hold interview were included; younger
participants were excluded to avoid the
problem of defining appropriate edu-
cational attainment for age. Those with-
out complete visual acuity data were ex-
cluded. In 1999-2000 and 2005-2008
(2008 was the last year in which vi-
sual acuity measurements were ob-
tained by NHANES), 9471 and 10 480
adults aged 20 years or older were in-
vited to participate at the mobile ex-
amination center, respectively; 8790
(92.8%) and 9762 (93.1%) completed
the visual acuity examination. Miss-
ing data were handled by using mul-
tiple imputation.17,18

Demographic data were collected at
the household interview, including age,
sex, race/ethnicity, years of schooling,
and income. Questions relating to dia-
betes, access to health care, health in-
surance coverage, and smoking his-
tory were also asked during the
household interview. Age cutoffs were
chosen to avoid the problem of defin-
ing appropriate educational attain-
ment for those younger than aged 20
years, to maintain consistency with lit-
erature that examines individuals aged
40 years and older, and to have 20-
year intervals.5-9 Adults aged 20 years
and older were defined as having edu-
cational attainment less than high
school if they reported having less than
12 years of schooling or equivalent.
Poverty was defined as having a pov-
erty income ratio of 1.0 or less, fur-
ther explained as a ratio of family in-
come to poverty threshold.

Participants were asked whether they
had received a diagnosis of diabetes
from a clinician, age at diagnosis, and
whether insulin was used to treat their
diabetes. Undiagnosed diabetes was not
ascertained in this study; participants
were classified as either having or not
having diagnosed diabetes. The term

diabetes refers to diagnosed diabetes and
diabetes at least 10 years refers to dia-
betes diagnosed at least 10 years ago,
based on the reported age of diabetes
diagnosis on the questionnaire. Undi-
agnosed diabetes with fasting blood glu-
cose of 125 or greater was measured in
a subset of participants and was con-
sidered in preliminary analysis, but was
not included in multivariable regres-
sion modeling due to small numbers
and no significant effect on results (data
available upon request).

Access to health care and health in-
surance coverage at the time of survey
were assessed via the questions: “Is
there a place you usually go when you
are sick or need advice about your
health?” and “Are you covered by health
insurance or some other kind of health
care plan?” Health insurance was de-
fined to include private health insur-
ance obtained through employment or
health insurance purchased directly, as
well as government programs such as
Medicare and Medicaid that provide
medical care or help pay medical bills.
Current smoking was assessed via the
question, “Do you now smoke ciga-
rettes?” Former smoking was defined
as answering “no” to the aforemen-
tioned question but “yes” to the ques-
tion, “Have you smoked at least 100
cigarettes in your entire life?”16

Methods for the vision examination
that was conducted at the mobile ex-
amination center have been described
in detail previously.1,19 In brief, pre-
senting visual acuity was measured for
each eye with the participant’s usual dis-
tance vision correction using an au-
torefractor (ARK-760, Nidek Co Ltd)
containing built-in visual acuity charts
with 20/20, 20/25, 20/30, 20/40, 20/
50, 20/60, 20/80, and 20/200 lines. The
20/50 line was presented first and at
least 4 of the 5 characters (numbers, let-
ters, or both) had to be read correctly
to advance to the next line (with smaller
characters). If the participant was un-
able to read the 20/50 line, the 20/200
line was presented. Corrective lenses
were then removed and an automated
refraction was performed for each eye.
For eyes with visual acuity of less than
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20/25, visual acuity was remeasured,
aided by the autorefractor measure-
ments. We defined nonrefractive error–
related visual impairment (nonrefrac-
tive visual impairment) as presenting
visual acuity of less than 20/40 that re-
mained less than 20/40 when aided by
the automated refraction results in the
better-seeing eye. Autorefractor cali-
bration was performed weekly. Con-
sultants from the review center regu-
larly observed examiners to determine
whether appropriate techniques were
followed; as well, the entire examina-
tion at the mobile examination center
was repeated among a subset of par-
ticipants and compared with original re-
sults for quality control.1,19

Body measurements, including body
mass index (BMI, calculated as weight
in kilograms divided by height in me-
ters squared) and waist circumfer-
ence, were collected at the mobile ex-
amination center.20 Obesity was defined
as BMI of at least 30 and central obe-
sity was defined as waist measure-
ment greater than 102 cm in men and
greater than 88 cm in women.21,22 Other
risk factors considered were high blood
pressure (hereafter referred to as hy-

pertension) of 140 mm Hg or greater
for systolic and 90 mm Hg or greater
for diastolic, triglycerides level of 200
mg/dL or greater, high-density lipopro-
tein (HDL) less than 40 mg/dL in men
or less than 50 mg/dL in women, low-
density lipoprotein (LDL) of 160 mg/dL
or greater, and total cholesterol of 240
mg/dL or greater.20

Because of the multistage probabil-
ity sampling design of the NHANES,
weights (computed by National Cen-
ter for Health Statistics and provided
with the NHANES datasets) were
used to obtain valid estimates.23

Because subgroups in the NHANES
were oversampled then weighted to
the US census population, we recom-
mend interpreting unweighted num-
bers with caution. The weights are
based on the probability of an indi-
vidual being selected and adjusted for
likelihood of nonresponse; weights
are poststratified to make the sample
match the 2000 US Census popula-
tion totals.23 Certain laboratory values
(triglycerides and LDL) obtained via
morning fasting were collected on a
randomly selected subsample (1/2) of
all mobile examination center partici-

pants. Weights were adjusted depend-
ing on whether an analysis was based
on a subgroup vs the entire group.23

We present analyses on 4-year cycles
as recommended by NHANES for
greater statistical reliability for demo-
graphic subdomains.23

SAS statistical software version 9.2
(SAS Institute) and SAS-callable
SUDAAN version 11.0.0 (Research
Triangle Institute) were used to com-
pute prevalence, standard error, and
95% CI estimates. All analyses used
appropriate sampling weights and
estimation procedures that account
for the complex sampling design.23 To
identify variables related to nonrefrac-
tive visual impairment and estimate
odds ratios, we fit logistic regression
models separately for the 2 time peri-
ods 1999-2002 and 2005-2008. Risk
factors found to be statistically signifi-
cant (P value �.05) in single-variable
analysis, as well as basic demographic
variables such as sex, were included
in multivariable-regression modeling.
To compare estimated prevalence
between the 2 time periods, we used
2-sided t tests in the manner recom-
mended by NHANES guidelines.24 To

Table 1. Demographics and Potential Risk Factors for Nonrefractive Visual Impairment in US Adults Aged 20 Years and Older

Characteristic

1999-2002 2005-2008

P
Valueb

Participants, No.
n = 9471 % (95% CI)a

Participants, No.
n = 10 480 % (95% CI)a

Age, mean (SD), y 45.1 (16.8) 46.7 (16.9) .005

20-39 3412 42.5 (40.6-44.4) 3683 37.8 (35.8-39.7) �.001

40-59 2825 36.5 (35.0-38.0) 3264 38.9 (37.2-45.6) .03

�60 3234 21.1 (19.7-22.4) 3533 23.3 (21.2-25.4) .07

Race/ethnicity
White non-Hispanic 4591 70.9 (67.1-74.6) 5054 70.6 (65.9-75.3) .93

Black non-Hispanic 1813 10.9 (8.4-13.3) 2274 11.4 (8.6-14.1) .78

Mexican American 2256 6.8 (5.2-8.4) 1941 8.2 (6.3-10.0) .25

Other 811 11.5 (7.6-15.4) 1211 9.8 (7.7-12.0) .45

Female sex 5011 52.2 (51.3-53.2) 5399 51.9 (51.1-52.7) .54

Education �high school 3261 21.8 (20.1-23.6) 3103 19.2 (17.1-21.3) .06

Poverty income ratio �1c 1908 15.9 (14.4-17.4) 2099 13.5 (12.1-14.9) .02

Poverty income ratio,
mean (SD)c

2.96 (1.64) 3.1 (1.62) .24

Lack of health insurance 1872 17.9 (16.1-19.8) 2409 19.2 (17.0-21.3) .37

Diabetes
All diabetes 911 6.5 (5.8-7.1) 1214 8.2 (7.3-9.1) .001

At least 10-year duration 436 2.8 (2.4-3.2) 570 3.6 (3.0-4.2) .02
aPercentage values are weighted according to the US 2000 Census, whereas numbers of participants are unweighted.
bP value tests the likelihood that the difference detected between the 2 time periods is due to chance.
cPoverty income ratio is the ratio of family income to poverty threshold. A poverty income ratio of less than 1 indicates that the family income is below the poverty threshold.
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confirm significance testing of differ-
ence in prevalence between time peri-
ods, �2 analyses were performed and
are consistent with reported P values.
Results were considered significant if
the P value was less than .05. Missing
data were handled by using multiple
imputation using MCMC method,
with use of weights to combine mul-
tiple imputated datasets.17,18

RESULTS

Demographic characteristics of partici-
pants, aged 20 years or older, are
described in TABLE 1. Demographics
and potential risk factors for nonre-
fractive visual impairment among
individuals with visual acuity data
were compared between 1999-2002
and 2005-2008. The mean age (SD) of
participants in the former time period
were slightly younger than in the latter
(45.1 [16.8] years vs 46.7 [16.9] years;
P=.005). In 1999-2002, there was a
greater percentage of participants aged
20 to 39 years, compared with 2005-
2008 (42.5% [95% CI, 40.6%-44.4%]
vs 37.8% [95% CI, 35.8%-39.7%];
P� .001). There was a lower percent-
age of 40- to 59-year-olds in the for-
mer than in the latter time period

(36.5% [95% CI, 35.0%-38.0%] vs
38.9% [95% CI, 37.2%-45.6%];
P = .03). The prevalence of poverty
(15.9% [95% CI, 14.4%-17.4%] vs
13.5% [95% CI, 12.1%-14.9%];
P=.02) decreased between the 2 time
periods, but the mean poverty income
ratio did not change significantly. The
overall prevalence of diagnosed diabe-
tes increased from 6.5% (95% CI,
5.8%-7.1%) in 1999-2002 to 8.2%
(95% CI, 7.3%-9.1%) in 2005-2008
(P=.001), and prevalence of diabetes
diagnosed at least 10 years ago
increased from 2.8% (95% CI, 2.4%-
3.2%) in 1999-2002 to 3.6% (95% CI,
3.0%-4.2%) in 2005-2008 (P = .02).
Race/ethnicity, sex, educational attain-
ment, and insurance status remained
similar between the 2 time periods.

The prevalence of nonrefractive
visual impairment among US adults
was 1.4% (95% CI, 1.2%-1.6%) in
1999-2002 and 1.7% (95% CI, 1.5%-
2.0%) in 2005-2008 (P=.03 for differ-
ence in prevalence; TABLE 2). The
number of participants (unweighted)
with nonrefractive visual impairment
was 1177 in 1999-2002 and 1416 in
2005-2008. Comparing within race/
ethnicity subgroups, the prevalence of

nonrefractive visual impairment was
higher in 2005-2008 than in 1999-
2002 for all participants and was sta-
tistically significant among Mexican
Americans, increasing from 1.1%
(95% CI, 0.6%-1.7%) to 2.2% (95%
CI, 1.4%-3.0%; P=.02). When age and
ethnicity were considered together,
most groups had increased prevalence
of nonrefractive visual impairment
and it was statistically significant
among white non-Hispanic individu-
als aged 20 to 39 years (0.5% [95%
CI, 0%-0.9%] in 1999-2002 vs 0.7%
[95% CI, 0.3%-1.2%] in 2005-2008;
P=.008) and Mexican Americans aged
60 years or older (4.6% [95% CI,
2.7%-6.6%] in 1999-2002 vs 8.9%
[95% CI, 4.5%-13.3%] in 2005-2008;
P� .001; Table 2).

Increased prevalence of nonrefrac-
tive visual impairment was signifi-
cantly associated in single-variable
regression analyses with older age
(1999-2002 OR, 1.07 [95% CI, 1.05-
1.09] and 2005-2008 OR, 1.06 [95% CI,
1.05-1.07]), race/ethnicity other than
non-Hispanic white (1999-2002 OR,
2.13 [95% CI, 1.50-3.01] and 2005-
2008 OR, 2.03 [95% CI, 1.51-2.72]),
poverty (1999-2002 OR, 2.89 [95% CI,
1.85-4.50] and 2005-2008 OR, 3.30
[95% CI, 2.38-4.57]), less education
(1999-2002 OR, 1.92 [95% CI, 1.37-
2.71] and 2005-2008 OR, 2.90 [95% CI,
2.22-3.78]), lack of health insurance at
the time of the survey (1999-2002 OR,
2.50 [95% CI, 1.62-3.87] and 2005-
2008 OR, 1.69 [95% CI, 1.02-2.81]),
diabetes (1999-2002 OR, 1.65 [95% CI,
1.16-2.34] and 2005-2008 OR, 2.26
[95% CI, 1.54-3.34]), diabetes diag-
nosed at least 10 years ago (1999-
2002 OR, 2.24 [95% CI, 1.36-3.67] and
2005-2008 OR, 3.20 [95% CI, 1.94-
5.26]), and current insulin use (1999-
2002 OR, 2.49 [95% CI, 1.17-5.29] and
2005-2008 OR, 2.25 [95% CI, 1.22-
4.17]). Associations of nonrefractive vi-
sual impairment with sex, access to
health care, current or former smok-
ing, obesity, central obesity, systolic hy-
pertension, diastolic hypertension, high
triglycerides, low HDL, high LDL, and
high total cholesterol were not statis-

Table 2. Prevalence of Nonrefractive Visual Impairment (Corrected Visual Acuity �20/40)
Among US Adults Aged 20 Years and Older by Age and Race/Ethnicitya

1999-2002 2005-2008

P
Value

Participants,
No.

Prevalence,
% (95% CI)b

Participants,
No.

Prevalence,
% (95% CI)b

Overall 1177 1.4 (1.2-1.6) 1416 1.7 (1.5-2.0) .03

White non-Hispanic 593 1.2 (1.0-1.5) 668 1.6 (1.3-1.9) .08

Black non-Hispanic 240 1.9 (1.1-2.7) 312 2.3 (1.6-3.0) .38

Mexican American 229 1.1 (0.6-1.7) 288 2.2 (1.4-3.0) .02

Age 20-39 y 115 0.6 (0.3-1.0) 243 1.0 (0.7-1.4) .09

White non-Hispanic 30 0.5 (0-0.9) 65 0.7 (0.3-1.2) .008

Black non-Hispanic 35 1.1 (0-2.2) 56 1.4 (0.2-2.5) .73

Mexican American 35 0.8 (0.3-1.3) 71 1.6 (0.7-2.5) .11

Age 40-59 y 90 0.4 (0.1-0.8) 162 0.6 (0.3-1.0) .35

White non-Hispanic 20 0.3 (0-0.7) 30 0.3 (0-0.7) .91

Black non-Hispanic 35 1.1 (0.2-2.0) 75 1.9 (1.0-2.8) .21

Mexican American 25 0.7 (0-1.5) 30 1.0 (0.1-1.8) .36

Age �60 y 972 4.5 (3.8-5.1) 1011 4.7 (4.0-5.4) .67

White non-Hispanic 543 3.9 (3.3-4.6) 573 4.5 (3.6-5.3) .34

Black non-Hispanic 170 5.8 (3.8-7.8) 181 5.5 (3.4-7.5) .68

Mexican American 169 4.6 (2.7-6.6) 187 8.9 (4.5-13.3) �.001
a“Other” race/ethnicity is not reported because of small numbers.
bPercentage values are weighted according to the US 2000 Census, whereas numbers of participants are unweighted.
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tically significant (eTable available at
http://www.jama.com).

Multivariable logistic regression
modeling was performed with risk fac-
tors found to be statistically signifi-
cant in univariable analysis (TABLE 3).
Time of 10 or more years since diag-
nosis of diabetes was associated with an
increased risk of nonrefractive visual
impairment in both time periods (1999-
2002 OR, 1.93 [95% CI, 1.15-3.25] and
2005-2008 OR, 2.67 [95% CI, 1.64-
4.37]). Older individuals were more
likely to have nonrefractive visual im-
pairment than younger individuals in
both time periods (1999-2002 OR, 1.07
[95% CI, 1.05-1.09] and 2005-2008 OR,
1.05 [95% CI, 1.04-1.07]) and pov-
erty was also associated with nonre-
fractive visual impairment in both time
periods (1999-2002 OR, 2.18 [95% CI,
1.31-3.64] and 2005-2008 OR, 2.23
[95% CI, 1.55-3.22]).

In 1999-2002 there was increased
risk of nonrefractive visual impair-
ment associated with lack of health
insurance (OR, 1.85; 95% CI, 1.16-
2.95) as well as non-Hispanic black
ethnicity (OR, 1.56; 95% CI, 1.01-
2.41) but these were not significant in
2005-2008. In 2005-2008 there was
increased risk of nonrefractive visual
impairment associated with an educa-
tion of less than high school (OR,
2.11; 95% CI, 1.54-2.90) but this was
not significant in 1999-2002. Sex was
not significant in the multivariable
logistic regression models for either
time period.

Most deleterious factors found to be
significant in multivariable modeling,
including lack of health insurance,
lower level of education, and poverty,

remained stable or decreased in preva-
lence between the 2 time periods con-
sidered (Table 1); thus, nonrefractive
visual impairment prevalence was
stratified by diabetes, which was the
remaining risk factor (TABLE 4).
Among individuals without diabetes,
the prevalence of nonrefractive visual
impairment was 1.2% (95% CI, 1.0%-
1.4%) in 1999-2002 and 1.4% (95%
CI, 1.2%-1.6%) in 2005-2008. The
estimated prevalence of nonrefractive
visual impairment among individuals
with any diabetes diagnosis was
greater than among individuals with-

out diabetes at 3.7% (95% CI, 2.4%-
5.1%; P � .001 in 1999-2002) and
5.3% (95% CI, 3.6%-7.0%; P� .001 in
2005-2008). Individuals with a diabe-
tes diagnosis for less than 10 years had
intermediate prevalence of nonrefrac-
tive visual impairment. The highest
estimated prevalence of nonrefractive
visual impairment was among indi-
viduals with a diabetes diagnosis for
10 years or greater at 6.1% (95% CI,
3.3%-8.9% in 1999-2002; P=.001) and
8.1% (95% CI, 4.5%-11.7% in 2005-
2008; P � .001) when compared to
those without diabetes in each time

Table 4. Prevalence of Nonrefractive Visual Impairment by Diabetes Status

1999-2002 2005-2008

P
Valueb

Prevalence, %
(95% CI)

P
Valuea

Prevalence, %
(95% CI)

P
Valuea

No diabetes 1.2 (1.0-1.4) [Reference] 1.4 (1.2-1.6) 1 [Reference] .13

All diabetes 3.7 (2.4-5.1) �.001 5.3 (3.6-7.0) �.001 .15

Diabetes less than 10 years ago 1.9 (0.7-3.2) .24 3.1 (1.8-4.4) .02 .19

Diabetes at least 10 years ago 6.1 (3.3-8.9) .001 8.1 (4.5-11.7) �.001 .36
aP value by diabetes status.
bP value across time periods.

Table 3. Multivariable Logistic Regression Analyses Predicting Nonrefractive Visual
Impairment

1999-2002 2005-2008

Prevalence,
% (95% CI)a

Odds Ratio
(95% CI)

Prevalence,
% (95% CI)a

Odds Ratio
(95% CI)

Age per year 1.07 (1.05-1.09) 1.05 (1.04-1.07)

Ethnicity
White non-Hispanic 1.4 (1.0-1.5) 1 [Reference] 1.6 (1.3-1.9) 1 [Reference]

Black non-Hispanic 1.9 (1.1-2.7) 1.56 (1.01-2.41) 2.3 (1.6-3.0) 1.28 (0.90-1.83)

Mexican American 1.1 (0.6-1.7) 1.19 (0.72-1.97) 2.2 (1.4-3.0) 1.30 (0.79-2.13)

Other 1.8 (1.0-2.6) 1.45 (0.91-2.29) 1.8 (0.8-2.8) 1.24 (0.71-2.17)

Sex
Men 1.2 (1.0-1.4) 1 [Reference] 1.5 (1.1-1.9) 1 [Reference]

Women 1.5 (1.3-1.7) 1.08 (0.75-1.55) 1.9 (1.5-2.3) 1.11 (0.86-1.43)

Poverty income ratiob

�1 1.1 (0.9-1.3) 1 [Reference] 1.4 (1.2-1.6) 1 [Reference]

�1 2.7 (1.7-3.7) 2.18 (1.31-3.64) 3.6 (2.6-4.6) 2.23 (1.55-3.22)

Education
� High school 1.0 (0.8-1.2) 1 [Reference] 1.2 (1.0-1.4) 1 [Reference]

�High school 2.7 (1.9-3.5) 1.27 (0.87-1.84) 4.1 (3.3-4.9) 2.11 (1.54-2.90)

Health insurance
Yes 1.4 (1.2-1.6) 1 [Reference] 1.8 (1.4-2.2) 1 [Reference]

No 1.2 (0.8-1.6) 1.85 (1.16-2.95) 1.3 (0.7-1.9) 1.10 (0.63-1.92)

Diabetes
None 1.2 (1.0-1.4) 1 [Reference] 1.4 (1.2-1.6) 1 [Reference]

Diagnosis �10 y ago 1.9 (0.7-3.2) 0.89 (0.49-1.62) 3.1 (1.8-4.4) 1.23 (0.77-1.95)

Diagnosis �10 y ago 6.1 (3.3-8.9) 1.93 (1.15-3.25) 8.1 (4.5-11.7) 2.67 (1.64-4.37)
aPercentage values are weighted according to the US 2000 Census.
bPoverty income ratio is a ratio of family income to poverty threshold. A poverty income ratio less than 1 indicates that the

family income is below the poverty threshold.
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period. Rao-scott �2 testing showed
significance when comparing diabetes
status within each time period
(�2=488.7 and P� .001 in 1999-2002;
�2=962.5 and P� .001 in 2005-2008).
Notably, there was no difference in
prevalence of nonrefractive visual
impairment from 1999-2002 to 2005-
2008 after controlling for diabetes sta-
tus (Table 4). Rao-scott �2 analysis
showed no significance when compar-
ing across time periods after control-
ling for diabetes status.

Subgroup analysis by age and race/
ethnicity showed that prevalence of
diabetes diagnosed 10 or more years
ago increased significantly from 2.8%
(95% CI, 2.4%-3.2%) in 1999-2002 to
3.6% (95% CI, 3.0%-4.2%) in 2005-
2008 (P=.02) (TABLE 5). This increase
between time periods was among all
ethnicities and significant among non-
Hispanic black individuals (4.3%
[95% CI, 3.4%-5.2%] vs 6.0% [95%
CI, 4.9%-7.1%]; P=.02) and Mexican
Americans (2.3% [95% CI, 1.8%-
2.8%] vs 3.1% [95% CI, 2.5%-3.8%];
P=.04). Increased prevalence persisted
after stratification by age, and was sta-
tistically significant among those aged
20 to 39 years (0.3% [95% CI, 0.1%-

0.5%] vs 0.7% [95% CI, 0.4%-1.0%];
P=.03) and non-Hispanic white indi-
viduals aged 20 to 39 years (0.3%
[95% CI, 0%-0.5%] vs 0.7% [95% CI,
0.3%-1.1%]; P� .001) in comparisons
between 1999-2002 and 2005-2008,
respectively.

COMMENT
Using NHANES data from 1999-2002
and 2005-2008, we found that the
prevalence of nonrefractive visual im-
pairment has increased 21% from 1.4%
to 1.7% (P=.03); to our knowledge, we
are the first to report this finding. In
multivariable analysis among all par-
ticipants, factors associated with non-
refractive visual impairment included
older age, poverty, lower education
level, and diabetes diagnosed 10 or
more years ago. Among these risk fac-
tors, only the latter has increased in
prevalence between the 2 time peri-
ods considered. Others have shown ris-
ing prevalence of type 2 diabetes in the
pediatric age group, associated with the
increase in childhood obesity.25-28 Our
observation of increasing rates of non-
refractive visual impairment among
non-Hispanic white individuals aged 20
to 39 years (0.5%-0.7%; P = .008),

coupled with the rising prevalence of
diabetes diagnosed 10 or more years ago
years among non-Hispanic white indi-
viduals aged 20 to 39 years (0.3% to
0.7%; P� .001), is consistent with the
hypothesis that increasing prevalence
of diabetes among younger US resi-
dents, with subsequent increasing du-
ration of diabetes, may be related to
worsening vision.

Our results show that individuals with
diabetes, particularly those for whom
more time has passed since its diagno-
sis, have higher rates of nonrefractive vi-
sual impairment than individuals with-
out diabetes (Table 4). Furthermore,
after stratification by diabetes status,
there was no longer a significant in-
crease in prevalence of nonrefractive vi-
sual impairment across survey years
(Table 4). This may be because diabe-
tes accounts for the change in preva-
lence in nonrefractive visual impair-
ment in the time period considered; it
is also possible that another factor is
present but with an effect too small to
detect with the current sample. Other
studies have shown that prevalence of
diabetes has increased in the last de-
cade.11,14 We found increased preva-
lence of longer-duration diabetes, from
2.8% to 3.6% (P=.02), representing a
29% change. This mirrors the increas-
ing prevalence of nonrefractive visual
impairment.

Other factors strongly associated with
nonrefractive visual impairment in-
cluded poverty, lower education, and
lack of health insurance at the time of
survey. Fewer individuals were below
the poverty threshold in the latter time
period; education less than high school
and lack of health insurance did not
change significantly between the 2 time
periods considered (Table 1). Further-
more, since participants were in-
structed to include both private and
government-provided health insur-
ance such as Medicare and Medicaid,
nearly all participants aged 65 years and
older would have been insured based
on this definition. Other than diabe-
tes, we were unable to identify any other
reason for increasing prevalence of non-
refractive visual impairment.

Table 5. Prevalence of Diabetes Diagnosed 10 or More Years Ago Among US Adults Aged
20 Years and Older by Age and Race/Ethnicitya

1999-2002 2005-2008

P
Value

Participants,
No.

Prevalence,
% (95% CI)b

Participants,
No.

Prevalence,
% (95% CI)b

Overall 2422 2.8 (2.4-3.2) 3031 3.6 (3.0-4.2) .02

White non-hispanic 922 2.5 (2.1-3.0) 1187 3.4 (2.6-4.2) .07

Black non-Hispanic 652 4.3 (3.4-5.2) 981 6.0 (4.9-7.1) .02

Mexican American 631 2.3 (1.8-2.8) 520 3.1 (2.5-3.8) .04

Aged 20 to 39 years 64 0.3 (0.1-0.5) 135 0.7 (0.4-1.0) .03

White non-Hispanic 29 0.3 (0-0.5) 60 0.7 (0.3-1.1) �.001

Black non-Hispanic 25 0.8 (0-1.7) 40 1.0 (0.4-1.7) .65

Mexican American 5 0 (0-0.3) 25 0.5 (0-1.0) .16

Aged 40 to 59 years 436 2.4 (1.9-2.9) 736 3.2 (2.5-3.9) .06

White non-Hispanic 120 1.8 (1.1-2.4) 262 2.7 (1.7-3.6) .10

Black non-Hispanic 115 3.7 (2.2-5.3) 240 5.7 (4.0-7.3) .08

Mexican American 121 3.5 (2.3-4.6) 134 4.2 (2.8-5.6) .07

Aged 60 years and older 1922 8.6 (7.5-9.8) 2124 9.0 (7.2-10.7) .72

White non-Hispanic 773 7.3 (6.2-8.5) 865 7.6 (5.6-9.6) .80

Black non-Hispanic 512 16.3 (13.0-19.7) 701 18.6 (15.3-22.0) .12

Mexican American 505 13.9 (11.1-16.7) 361 14.4 (10.1-18.8) .38
a“Other” race/ethnicity is not reported because of small numbers.
bPercentage values are weighted according to the US 2000 Census, whereas numbers of participants are unweighted.
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Diabetes diagnosed less than 10 years
ago was not significantly associated with
nonrefractive visual impairment. In a
preliminary analysis of a subset of par-
ticipants who received fasting glucose
measurements (data available upon re-
quest), results remained consistent with
the current analysis. Although it is pos-
sible for diabetic retinopathy to be ob-
served even before diabetes is diag-
nosed,29 our results suggest that those
with a longer duration of diabetes are
at greater risk for nonrefractive visual
impairment than are those with shorter
duration.

We would expect visual complica-
tions associated with diabetes to de-
crease with improved systemic and ocu-
lar management of disease. However,
this was not observed in our study, sug-
gesting that there is either insufficient
population-wide diabetes management
or that any advancement made in dis-
ease management is overshadowed by
the effect of increasing prevalence of dia-
betes. A survey of individuals with dia-
betes showed self-reported visual im-
pairment has declined from 1997 to
2010.30 However, the study did not dis-
tinguish between refractive visual im-
pairment, which can be corrected with
spectacles, and nonrefractive visual im-
pairment, which cannot. Among indi-
viduals with type 1 diabetes, there may
be decreasing incidence of diabetic reti-
nopathy, which is related to improved
management of systemic risk factors
such as glycemia, blood pressure, smok-
ing, and lipid levels.31-33 However, among
those with type 2 diabetes, there is evi-
dence that the opposite is true, and in-
cidence of diabetic retinopathy is in-
creasing.5,34,35 Regardless of changing
rates of visual impairment among people
with diabetes, dramatically increasing
prevalence of diabetic disease could still
result in an increased prevalence of vi-
sual impairment overall.

This study compares nonrefractive
visual impairment from 2 discrete time
intervals within a 10-year continuous
study conducted by NHANES. The
study is limited in that it examines se-
rial cross-sectional population samples
and causality cannot be determined

since causes of vision loss were not
documented in NHANES. Only visual
acuity, a single measure of visual func-
tion, and refraction were measured in
1999-2004 NHANES. Fundus photos
were added to the NHANES vision ex-
amination in 2005-2008; however, this
information may not be directly perti-
nent since presence of funduscopic
findings do not necessarily correlate
with visual impairment. Of the 4 lead-
ing causes of nonrefractive visual im-
pairment in the United States—age-
related macular degeneraton, glaucoma,
cataract, and diabetic retinopathy2,3—
the first 2 are largely age related and
would not be expected to cause increas-
ing prevalence of nonrefractive visual
impairment in those aged 20 to 39
years. Cataract can be secondary to a
variety of etiologies including diabe-
tes. Our estimates of factors such as in-
come, education, and smoking may be
affected by social desirability bias. This
study’s strengths include its large, rep-
resentative, national sample and its use
of standardized methods over the pe-
riod of the study.

We report a previously unrecog-
nized increase of visual impairment
among US adults that cannot be attrib-
uted to refractive error. This finding
suggests an increasing problem. Blind-
ness and visual impairment are associ-
ated with increased medical care ex-
penditure, decreased work productivity,
and decreased quality-adjusted life
years.36,37 Concurrently, prevalence of
diabetes has been increasing, specifi-
cally diabetes of longer duration
(Table 5). This may account for part of
the increased prevalence of nonrefrac-
tive visual impairment. If the current
finding becomes a persisting trend, it
could result in increasing rates of dis-
ability in the US population, includ-
ing greater numbers of patients with
end-organ diabetic damage who would
require ophthalmic care. These re-
sults have important implications for
resource allocation in the debate of dis-
tribution of limited medical services and
funding. Continued monitoring of vi-
sual disability and diabetes, as well as
additional research addressing causes,

prevention, and treatment, is war-
ranted.

Author Contributions: Dr Friedman had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Ko, Vitale, Cotch, Saaddine,
Friedman.
Acquisition of data: Ko, Chou, Saaddine, Friedman.
Analysis and interpretation of data: Ko, Vitale, Cotch,
Friedman.
Drafting of the manuscript: Ko, Vitale, Friedman.
Critical revision of the manuscript for important in-
tellectual content: Ko, Vitale, Chou, Cotch, Saaddine,
Friedman.
Statistical analysis: Ko, Vitale, Friedman.
Administrative, technical, or material support: Chou,
Cotch.
Study supervision: Saaddine, Friedman.
Conflict of Interest Disclosures: All authors have com-
pleted and submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Dr Friedman reports hav-
ing consulted for Alcon, Bausch and Lomb, Merck, Pfizer,
Allergan, Nidek, and QLT. Dr Ko reports receipt of sup-
port for travel to meetings for the study or other pur-
poses from the National Eye Institute (ARVO travel
grant), a Pepose travel grant, and a David Friedman Re-
search Grant Award for provision of writing assistance,
medicines, equipment, or administratrive support. The
remaining authors report no disclosures.
Funding/Support: This study was supported by the
Centers for Disease Control and Prevention (CDC)
grant 1U58DP002653-01 and the David Friedman Re-
search Grant Award. The National Health and Nutri-
tion Examination Survey (NHANES) is sponsored by
the National Center for Health Statistics (NCHS), CDC.
Funding for the vision component was provided by
the National Eye Institute (NEI), National Institutes of
Health (NIH), Intramural Research Program grant
Z01EY000402.
Role of the Sponsor: The CDC provided funding sup-
port in preparation, review, and approval of this ar-
ticle before submission. Dr Friedman was the princi-
pal investigator who provided funding support, was
involved in the analysis and interpretation of the data,
and was involved in preparation, review, and ap-
proval of this article before submission. The NCHS was
involved in the design and conduct of the study and
in data collection. The NEI provided funding and sup-
port for the vision examination and was involved in
the design and conduct of the vision component of
data collection.
Disclaimer: The findings and conclusions in this ar-
ticle are those of the authors and do not necessarily
represent the official position of the NIH or the CDC.
Online-Only Material: An eTable is available at http:
//www.jama.com.
Additional Contributions: We are grateful to all the
individuals who agreed to participate in NHANES, with-
out whose time and dedication this study would not
have been possible.

REFERENCES

1. Vitale S, Cotch MF, Sperduto RD. Prevalence of vi-
sual impairment in the United States. JAMA. 2006;
295(18):2158-2163.
2. Congdon N, O’Colmain B, Klaver CC, et al; Eye Dis-
eases Prevalence Research Group. Causes and preva-
lence of visual impairment among adults in the
United States. Arch Ophthalmol. 2004;122(4):
477-485.
3. Zambelli-Weiner A, Crews JE, Friedman DS. Dis-
parities in Adult Vision Health in the United States
[published online ahead of print May 23, 2012].
Am J Ophthalmol. DOI:10.1016/j.ajo.2012.03
.018.

NONREFRACTIVE VISUAL IMPAIRMENT IN US ADULTS

©2012 American Medical Association. All rights reserved. JAMA, December 12, 2012—Vol 308, No. 22 2367

Downloaded From: http://jama.jamanetwork.com/ by a University of Auckland User  on 12/13/2012



4. Zhang X, Gregg EW, Cheng YJ, et al. Diabetes melli-
tus and visual impairment: national health and nutri-
t ion examination survey, 1999-2004. Arch
Ophthalmol. 2008;126(10):1421-1427.
5. Kempen JH, O’Colmain BJ, Leske MC, et al; Eye
Diseases Prevalence Research Group. The preva-
lence of diabetic retinopathy among adults in the
United States. Arch Ophthalmol. 2004;122(4):
552-563.
6. Zhang X, Saaddine JB, Chou CF, et al. Prevalence
of diabetic retinopathy in the United States, 2005-2008.
JAMA. 2010;304(6):649-656.
7. Fong DS, Aiello L, Gardner TW, et al; American Dia-
betes Association. Retinopathy in diabetes. Diabetes
Care. 2004;27(suppl 1):S84-S87.
8. Klein R, Klein B. Vision disorders in diabetes. In: Na-
tional Diabetes Data Group, ed. Diabetes in America.
2nd ed. Bethesda, MD: National Institutes of Health,
National Institute of Diabetes and Digestive and Kid-
ney Diseases; 1995:293-337.
9. Centers for Disease Control and Prevention. Na-
tional Diabetes Fact Sheet: National Estimates and
General Information on Diabetes and Prediabetes in
the United States, 2011. Atlanta, GA: US Dept of
Health and Human Services, Centers for Disease Con-
trol and Prevention; 2011.
10. Cheung BM, Ong KL, Cherny SS, Sham PC, Tso
AW, Lam KS. Diabetes prevalence and therapeutic tar-
get achievement in the United States, 1999 to 2006.
Am J Med. 2009;122(5):443-453.
11. Mokdad AH, Ford ES, Bowman BA, et al. Diabe-
tes trends in the US: 1990-1998. Diabetes Care. 2000;
23(9):1278-1283.
12. Mokdad AH, Bowman BA, Ford ES, Vinicor F,
Marks JS, Koplan JP. The continuing epidemics of obe-
sity and diabetes in the United States. JAMA. 2001;
286(10):1195-1200.
13. Centers for Disease Control and Prevention. Na-
tional Diabetes Fact Sheet: General Information and
National Estimates on Diabetes in the United States,
2007. Atlanta, GA: US Dept of Health and Human Ser-
vices, Centers for Disease Control and Prevention;
2007.
14. Acton KJ, Burrows NR, Moore K, Querec L, Geiss
LS, Engelgau MM. Trends in diabetes prevalence
among American Indian and Alaska native children,
adolescents, and young adults. Am J Public Health.
2002;92(9):1485-1490.
15. de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss

NS, Himmelfarb J. Temporal trends in the prevalence
of diabetic kidney disease in the United States. JAMA.
2011;305(24):2532-2539.
16. National Health and Nutrition Examination Survey.
Public-use data files. http://www.cdc.gov/nchs/about
/major/nhanes/datalink.htm. Accessed November 14,
2012.
17. Berglund PA. Getting the most out of the SAS sur-
vey procedures: repeated replication methods, sub-
population analysis, and missing data options in SAS
v9.2. Paper presented at: SAS Global Forum 2009;
March 22-25, 2009; Washington, DC. Paper
246-2009.
18. Yuan YC. Multiple Imputation for Missing Data:
Concepts and New Development. Rockville, MD: SAS
institute Inc; 2000.
19. National Health and Nutrition Examination Survey.
Vision Procedures Manual. http://www.cdc.gov/nchs
/data/nhanes/nhanes_01_02/vision_year_3.pdf.
Accessed November 14, 2012.
20. National Health and Nutrition Examination
Survey. Laboratory Procedure Manual. http://www
.cdc.gov/nchs/data/nhanes/nhanes_07_08
/glu_e_met_fasting_glucose_ModP.pdf. Accessed No-
vember 14, 2012.
21. Palaniappan L, Carnethon M, Fortmann SP. As-
sociation between microalbuminuria and the meta-
bolic syndrome: NHANES III. Am J Hypertens. 2003;
16(11 pt 1):952-958.
22. Beydoun MA, Wang Y. Gender-ethnic disparity
in BMI and waist circumference distribution shifts in
US adults. Obesity (Silver Spring). 2009;17(1):
169-176.
23. National Health and Nutrition Examination
Survey. Analytic and Reporting Guidelines. http:
//www.cdc.gov/nchs/data/nhanes/nhanes_03_04
/nhanes_analytic_guidelines_dec_2005.pdf. Accessed
July 22, 2012.
24. National Health and Nutrition Examination Survey.
Hypothesis testing. http://www.cdc.gov/nchs/tutorials
/nhanes/NHANESAnalyses/HypothesisTesting
/hypothesis_testing_intro.htm. Accessed September
8, 2012.
25. Pinhas-Hamiel O, Zeitler P. The global spread of
type 2 diabetes mellitus in children and adolescents.
J Pediatr. 2005;146(5):693-700.
26. Fagot-Campagna A, Pettitt DJ, Engelgau MM, et al.
Type 2 diabetes among North American children and
adolescents: an epidemiologic review and a public

health perspective. J Pediatr. 2000;136(5):664-
672.
27. Kaufman FR. Type 2 diabetes mellitus in children
and youth: a new epidemic. J Pediatr Endocrinol
Metab. 2002;15(suppl 2):737-744.
28. Lytle LA. Dealing with the childhood obesity epi-
demic: a public health approach [published online
ahead of print March 7, 2012]. Abdom Imaging.
DOI: 10.1007/s00261-012-9861-y.
29. Klein R, Barrett-Connor EL, Blunt BA, Wingard
DL. Visual impairment and retinopathy in people with
normal glucose tolerance, impaired glucose toler-
ance, and newly diagnosed NIDDM. Diabetes Care.
1991;14(10):914-918.
30. Centers for Disease Control and Prevention (CDC).
Self-reported visual impairment among persons with
diagnosed diabetes—United States, 1997-2010.
MMWR Morb Mortal Wkly Rep. 2011;60(45):
1549-1553.
31. Klein R, Lee KE, Gangnon RE, Klein BE. The 25-year
incidence of visual impairment in type 1 diabetes melli-
tus the Wisconsin Epidemiologic Study of Diabetic
Retinopathy. Ophthalmology. 2010;117(1):63-
70.
32. Lecaire T, Palta M, Zhang H, Allen C, Klein R,
D’Alessio D. Lower-than-expected prevalence and se-
verity of retinopathy in an incident cohort followed
during the first 4-14 years of type 1 diabetes: the Wis-
consin Diabetes Registry Study. Am J Epidemiol. 2006;
164(2):143-150.
33. Hovind P, Tarnow L, Rossing K, et al. Decreasing
incidence of severe diabetic microangiopathy in
type 1 diabetes. Diabetes Care. 2003;26(4):1258-
1264.
34. Klein R, Klein BE. Are individuals with diabetes see-
ing better?: a long-term epidemiological perspective.
Diabetes. 2010;59(8):1853-1860.
35. Cugati S, Kifley A, Mitchell P, Wang JJ. Tempo-
ral trends in the age-specific prevalence of diabetes
and diabetic retinopathy in older persons: population-
based survey findings. Diabetes Res Clin Pract. 2006;
74(3):301-308.
36. Frick KD, Gower EW, Kempen JH, Wolff JL. Eco-
nomic impact of visual impairment and blindness in
the United States. Arch Ophthalmol. 2007;125
(4):544-550.
37. Roberts CB, Hiratsuka Y, Yamada M, et al. Eco-
nomic cost of visual impairment in Japan. Arch
Ophthalmol. 2010;128(6):766-771.

NONREFRACTIVE VISUAL IMPAIRMENT IN US ADULTS

2368 JAMA, December 12, 2012—Vol 308, No. 22 ©2012 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a University of Auckland User  on 12/13/2012


