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OBJECTIVE

Diabetes care differs across racial and ethnic groups. This study aimed to assess
the racial disparity of eye examinations among U.S. adults with diabetes.

RESEARCH DESIGN AND METHODS

Working-age adults (age 18–64 years) with diabetes were studied using data
from the Medical Expenditure Panel Survey Household Component (2002–2009)
including the Diabetes Care Survey. Racial and ethnic groups were classified as
non-Hispanic whites and minorities. People reporting one or more dilated eye
examination were considered to have received an eye examination in a particular
year. Eye examination rates were compared between racial/ethnic groups for
each year, and were weighted to national estimates. Multivariate adjusted odds
ratios (aORs) and 95% CIs for racial/ethnic difference were assessed annually
using logistic regression models. Other influencing factors associated with eye
examination were also explored.

RESULTS

Whites had consistently higher unadjusted eye examination rates than minority
populations across all 8 years. The unadjusted rates increased from 56% in 2002 to
59% in 2009 among whites, while the rates in minorities decreased from 56% in
2002 to 49% in 2009. The largest significant racial gap of 15%was observed in 2008,
followed by 11%, 10%, and 7% in 2006, 2009, and 2005, respectively (P < 0.05).
Minorities were less likely to receive eye examination (2006: aOR 0.75 [95% CI
0.57–0.99]; 2008: 0.61 [0.45–0.84]).

CONCLUSIONS

The racial/ethnic differences in eye examinations for patients with diabetes have
persisted over the last decade. National programs to improve screening and
monitoring of diabetic retinopathy are needed to target minority populations.

Diabetic retinopathy is the major cause of blindness among adults 20–74 years of
age (1). From 2005 to 2008, 4.2 million people with diabetes aged $40 years had
diabetic retinopathy, and of these, almost 0.7 million (4.4% of those with diabetes)
had advanced diabetic retinopathy that could lead to severe vision loss (2).
Diabetes-related blindness can negatively impact a patient’s quality of life and costs
the U.S. approximately $500 million annually (3).
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This sight-threatening complication of
diabetes has been shown to dispropor-
tionately affect racial and ethnic minority
populations. One study of people with
type 2 diabetes aged 40–69 years, found
a 50% prevalence of diabetic retinopathy
among black participants compared with
19% among white participants (4). Native
Americans have also been found to have
higher rates of retinopathy than whites
(5). Lee et al. (6) found that the rates of
eye problems due to diabetes are 56%
higher for Hispanics than whites. Some
inconsistent results have been shown
in the literature. One study of under-
served populations showed that the
prevalence of diabetic retinopathy is
not significantly different among ethnic
groups (whites, blacks, Hispanics, and
Asians) (7).
Risk of vision loss due to diabetic reti-

nopathy canbe reducedby early detection
and timely treatment, as well as effective
control of serum glucose level and blood
pressure (8,9). Among high-risk (e.g., el-
derly) populations, early detection and
treatment of diabetic retinopathy is
also cost-effective (3,10–12). Annual
eye examinations are recommended by
the American Diabetes Association
guidelines (12) and the American Acad-
emy of Ophthalmology (13). Moreover,
receipt of an annual eye examination is
used as one of the Health Employer Data
and Information Set indicators of quality
of care in the U.S. (14). However, com-
pliance with the practice guidelines is
suboptimal, and differs by racial and eth-
nic groups (15,16). Racial and ethnic mi-
nority patients are not only more likely
to have worse glycemic control, but also
are less likely to be screened for diabetic
retinopathy than their white counter-
parts (16–18).
Few data are available on racial/eth-

nic disparities in eye examinations over
time in multiethnic populations with di-
abetes mellitus. This study aimed to
compare the national rates of eye exam-
ination received across different racial/
ethnic groups among patients with dia-
betes mellitus in the U.S. from 2002 to
2009.

RESEARCH DESIGN AND METHODS

Data Source
A nationally representative sample of
the U.S. noninstitutionalized population
was examined using the Medical Expen-
diture Panel Survey (MEPS) data over

the years 2002–2009. The MEPS, which
contains diversified sources of data on
health care use and expenditure, is a set
of large-scale surveys of families and in-
dividuals, their medical providers, and
employers across the U.S. The House-
hold Component of MEPS contains in-
formation for individual household
members on demographic characteris-
tics (e.g., age, gender, marital status,
race/ethnicity, education, region of res-
idence, and family economic status),
health status (e.g., diabetes diagnosis),
and health insurance coverage. Addition-
ally, a diabetes-specific self-administered
questionnairedDiabetes Care Survey
(DCS)dwas completed by the respon-
dents with diabetes. The DCS collected
information on disease care and man-
agement, including the following: A1C
tests received, feet checked for sores
or irritations, eye examinations in which
the pupils were dilated, diabetes-related
kidney problems, and antidiabetic treat-
ments received. Relevant to this study,
we obtained information on dilated eye
examinations from the DCS survey by the
self-report question asking whether the
respondent had undergone a dilated
eye examination during the particular
survey year (19).

Variables
People with diabetes were defined as
those who had received a diabetes di-
agnosis from a health professional. In
this study, the eye examination was
used as the processmeasurement of pri-
mary care for diabetes mellitus. People
with at least one dilated eye examina-
tion were considered to have received
proper screening for diabetic retinopa-
thy within that year. The eye examina-
tion rate among patients in whom
diabetes had been diagnosed was calcu-
lated for each year (2002–2009).

Self-reported race and ethnicity were
used to define a respondent as non-
Hispanic white or minority (all other
than non-Hispanic white, including but
not limited to black, American Indian/
Alaska native, Asian, native Hawaiian/
Pacific islander, or multiple races re-
ported). Any type of insurance coverage
reported in a year was recorded as the
respondent having health insurance.
Education was classified into the follow-
ing four levels based on the highest de-
gree gained: no degree (i.e., education
lower than high school or reported as

“Refused”/”Don’t know”), General Edu-
cational Development (GED), high
school diploma, and bachelor degree
and above. Education level was further
dichotomized to above or below high
school/GED education for multivariate
analysis. Census regions were used
(i.e., Northeast, Midwest, West, and
South). Family economic status was cap-
tured based on reported annual family
income and was dichotomized to above
or below the poverty level of the respec-
tive year. Public, private, and other in-
surance types were categorized for
multivariate analyses. Public insurance in-
cludes TRICARE, Medicare, Medicaid/
State Children’s Health Insurance Pro-
gram, and other public hospital/physician
programs. Private insurance includes spe-
cific private insurance sources, such as
employer/union group insurance, non-
group, and other group private insurance.
The age of respondents was reported as
the mean and SD and was then dichoto-
mized using 45 years of age as the cutoff
in multivariate regression models.

Statistical Analysis
In this study, cross-sectional descriptive
statistics were reported on population
characteristics in 2002 (the first year of
availability of the DCS) and 2009 (the
latest year for which data were available
at the time of this study). In agreement
with the National Healthcare Quality
and Disparities Report publications and
the Agency for Healthcare Research and
Quality, disparities were defined as “all
differences among populations in mea-
sures of health and healthcare” (20).
Pearson x2 tests were used to compare
the differences in unadjusted rates be-
tween racial and ethnic groups within
each respective year. All statistics were
weighted to national estimates. Finally,
multivariate logistic regression models
were used to assess the “residual racial
difference,” which is the cross-sectional
multivariate adjusted difference between
racial/ethnic categories in eye examina-
tion for each year reported as adjusted
odds ratio (aOR) with 95% CI. Age, gen-
der, education level, marital status,
health insurance status, family economic
status, and residential census regionwere
adjusted in logistic regression models. A
sensitivity analysis for insurance sub-
groups (insured and uninsured) was per-
formed for eye examination rates in the
years 2002–2009. All analyses were

1322 Racial Disparity of Eye Examinations: 2002–2009 Diabetes Care Volume 37, May 2014



performed using SAS version 9.2 (SAS In-
stitute, Cary, NC).

RESULTS

Population characteristics in 2002 and
2009 are presented in Table 1. Approx-
imately 60% of the population with di-
abetes was non-Hispanic white in 2002.
About 70% of non-Hispanic whites, com-
pared with 54% of minorities, were mar-
ried in 2002. In 2002, about half of the
population had a high school diploma in
both groups. A higher percentage of the
population with no degree was shown in
minorities, while more whites pos-
sessed college degrees or higher de-
grees. Insurance coverage rate was
91% in non-Hispanic whites, which was
7% higher than that in minorities in
2002. Only 10% of non-Hispanic white
families were below the poverty level
compared with 21% of minority families
in 2002. The southern region had the
highest prevalence of diabetes for both
racial/ethnic groups; however, minori-
ties (43%) still showed 4% higher preva-
lence of diabetes than non-Hispanic
whites (39%). In the West, minorities
(27%) had an 11% higher prevalence of
diabetes than whites (16%); while in the

Midwestern region, the prevalence of
diabetes was 15% higher among whites
(27%) than minorities (12%). From 2002
to 2009, marriage rates and insurance
coverage rates dropped in both groups.
The marriage rate decreased by 5%
among whites and decreased by 2%
among minorities. The minority group
experienced a 4% decline in insurance
coverage, and non-Hispanic whites had
a 1% drop. The percentage of individuals
with a family income below the poverty
level increased to 13% among non-
Hispanic white families and to 23% in
minority families in 2009.

Figure 1 presents the unadjusted eye
examination rates for the years 2002–
2009. In all 8 years, the unadjusted eye
examination rate of the minority popu-
lations was lower than that of the non-
Hispanic white population. The racial
and ethnic gap appears to widen in a
general trend, especially in recent years.
For non-Hispanic whites, the crude eye
examination rate increased from 56% in
2002 to 59% in 2009. Among the minor-
ity populations, the crude rates ranged
from 48% (in 2008) to 56% (in 2004) and
showed a downward trend in recent

years beginning in 2005. The differences
in the rates ranged from a high of 15% in
2008 to a low of 0.09% in 2002. Except
for the year 2007 (P = 0.06), these differ-
ences were all statistically significant
from 2005 to 2009 (P values ,0.05).

The racial/ethnic difference and other
influencing factors associated with eye
examination rates were examined annu-
ally using multivariate logistic regres-
sion models (Table 2). Controlling for
age, gender, education, marital status,
insurance coverage, family income, and
census region, the racial differences
were still statistically significant in
2006 and 2008 with aORs of 0.75 (95%
CI 0.57–0.99; P = 0.04) and 0.61 (0.45–
0.84; P , 0.01), respectively.

Table 2 also presents the associations
between other influencing factors and
eye examination rate. Compared with
a younger working-age group (18–45
years old), older working-age respon-
dents (.45 years old) with diabetes were
more likely to receive an eye examina-
tion for all years except 2006 and 2009.
The health insurance coverage (public or
private compared with no insurance)
was associated with an increased eye

Table 1—Demographic characteristics of working-age patients with diabetes in 2002 and 2009

Variables

2002 2009

Non-Hispanic white Minority Non-Hispanic white Minority

Unweighted (n) 508 564 459 817

Weighted, N (%) 4,930,497 (59.62) 3,339,669 (40.38) 6,990,337 (59.29) 4,800,294 (40.71)

Age, mean (SD), years 51.52 (0.37) 50.11 (0.40) 52.63 (0.36) 50.57 (0.35)

Sex (%)
Male 55.38 46.25 51.94 45.47
Female 44.62 53.75 48.06 54.53

Marital status (%)
Married 70.37 53.75 65.18 51.85
Not married 29.63 46.25 34.82 48.15

Education (%)
No degree* 13.78 30.93 9.86 27.13
GED 8.15 4.56 4.59 4.90
High school† 49.53 42.15 52.53 46.2
Bachelor’s‡ 28.53 22.36 33.02 21.77

Insurance (%) 90.60 83.24 89.52 78.87

Family economic status (%)
Below poverty line 9.97 20.59 12.52 23.46
Above poverty line 90.03 79.41 87.48 76.54

Region (%)
Northeast 17.47 17.74 18.95 17.26
Midwest 26.98 12.29 25.05 12.53
South 39.30 42.59 36.84 46.49
West 16.24 27.37 19.16 23.72

*No specific level of education was recorded on the survey. †High school diploma with or without$1 year of college. ‡College degree or higher.
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examination rate for all of the study
years, except for coverage of public in-
surance in 2007. The significant asso-
ciations for public insurance were
estimated in a range of aORs of 1.67
(95% CI 1.02–2.73) in 2003 to 2.69
(1.71–4.21) in 2006. The estimated asso-
ciations for private insurancewith eye ex-
amination ranged from 1.89 (1.16–3.07)
in 2007 to 3.50 (2.27–5.41) in 2005. Male
patients with diabetes were found to
have a higher eye examination rate
than female counterparts in 2003 (aOR
1.42 [95% CI 1.02–1.96]) and 2008 (1.41
[1.06–1.89]). Compared with those with
no degree, diabetic patients with at
least a high school diploma were more
likely to have had an examinations in
2003 (1.45 [1.03–2.04]) and 2009 (1.63
[1.14–2.33]). Residential region in theMid-
west, South, or West compared with the
Northeast presented very few significant
results of associations with eye examina-
tion rates. Only patients in the South in
2007 and 2008, and patients in the West
in 2007 had significantly lower eye exam-
ination rates than those in the North-
east. Marital status and family income
level were not found to be associated
with eye examination in patients with
diabetes for all the study years.
We performed a subgroup sensitivity

analysis on insurance coverage to exam-
ine the influence of overall health insur-
ance (insured vs. uninsured) on eye
examination between racial/ethnic
groups (Table 3). Among the insured pa-
tients, the eye examination rates dif-
fered between non-Hispanic whites and

minorities in 2005, 2006, 2008, and 2009.
However, no statistically significant differ-
ences were found between non-Hispanic
whites and minorities among individuals
in the uninsured population in all study
years, except for 2006.

CONCLUSIONS

To the best of our knowledge, this study
is the first to describe racial/ethnic dif-
ferences in eye examination rates us-
ing a nationally representative sample
over 8 years (2002–2009). The crude
rates (55–57%) found in this study
were consistent with the national aver-
age rate reported by the Health Em-
ployer Data and Information Set (e.g.,
58% in 2009) (21). Previous studies on
the racial/ethnic disparities in the U.S.
were found to be very limited in recent
reviews (6,22). Using the MEPS 2000
data, Lee et al. (6) found differences in
outpatient services and prescription
drug use patterns across racial/ethnic
groups. However, most of the diabetes
caremeasures were not significantly dif-
ferent among the three racial and ethnic
groups (white, African American, and
Hispanic adults). Our results of the ear-
lier years (0.09–0.27% differences in eye
examination rates from 2002 to 2004)
show no significant differences in the
rates between non-Hispanic whites
and minorities, which were consistent
with those in the study by Lee et al.
(6), and other studies using the third
National Health and Nutrition Examina-
tion Survey data (17,23), and a sample of
veterans in the Department of Veterans

Affairs health care system (24). In recent
years (2005–2009), we found significant
racial and ethnic differences in eye ex-
amination rates with a diverging trend.
We observed a slight increase in the eye
examination rate among non-Hispanic
whites since 2004, in contrast to a
more marked decrease in the rate
among minorities. This results in a re-
cent widening gap between these two
racial and ethnic groups. The residual
differences found in multivariable re-
gression models after controlling for
other relevant influencing factors per-
sisted in the years of 2006 and 2008.

Patient, provider, and health care sys-
tem factors may contribute to the dispar-
ities in diabetic retinopathy screening
observed in this study. Health insurance
coverage and benefit design may have a
direct effect on self-monitoring behav-
ior, especially for costly screenings,
such as eye examinations, which often
require specialists to perform the exami-
nations. In this study, health insurance
coverage, with either public or private
insurance, was identified as the most
significant factor for receiving an eye
examination. The Andersen model has
emphasized that the utilization of health
care services is associated with health
insurance status (25). In particular,
some of the study respondents who
were of working age (18–64 years old)
were uninsured or not sufficiently in-
sured (e.g., no vision coverage), and
had lost their insurance coverage due
to unemployment during the recent eco-
nomic recession starting in late 2007

Figure 1—Unadjusted racial disparities in eye examination rate among working-age patients with diabetes (2002–2009).
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(26). The recent recession may have ex-
acerbated the health disparity across the
racial/ethnic groups because the minor-
ity groups were more vulnerable to be
severely affected by the recession
(27,28). Our study also observed that
the insurance coverage decreased over
the years; however, the minorities have
been affected to a larger degree. Fur-
thermore, minorities still had worse
performances on eye examination than
non-Hispanic whites within the insured
population. This sensitivity analysis sug-
gests that simply expanding health in-
surance coverage to minority patients
may not fully address the racial/ethnic
disparity in diabetes preventive care,
even after the Affordable Care Act is
implemented in 2014. For example,
patients’ attitudes toward diabetes reti-
nopathy screening and referral by health
care providers are important factors in
the uptake of diabetes retinopathy
screening services (29). The geographi-
cally differential distribution of ophthal-
mologists and optometrists may affect
diabetes retinopathy screening. A study
of the distribution of ophthalmologists
showed that no more than 20% of
them selected nonmetropolitan practice
locales (30). Areas without vision care
professionals reported fewer dilated eye
examinations (31). Last, the landscape of
preventive services (e.g., insurance cover-
age and benefit design) will change with
the imminent implementation of the
Affordable Care Act in the U.S. Further
research on monitoring and examining
the reasons behind the racial and ethnic
differences may lead to the timely devel-
opment of effective strategies to reduce
racial/ethnic disparities in diabetes care.

Screening guidelines have been de-
veloped by national professional groups
such as the American Diabetes Associa-
tion (12) and the American Academy of
Ophthalmology (13). The recommenda-
tions are that patients with type 1 dia-
betes should have an initial dilated
examination within 5 years of the onset
of diabetes. Patients with type 2 diabe-
tes may have retinopathy at the time of
diagnosis and should have an initial di-
lated examination at the time of diagno-
sis. A follow-up eye examination should
be conducted yearly. In clinical settings,
methods of screening for diabetic reti-
nopathy include direct and indirect oph-
thalmoscopy, stereoscopic color film
fundus photography, and mydriatic or
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nonmydriatic photography. Different
fromother diabetes screening procedures
(A1C tests and foot examinations),
a unique barrier to the eye examination
exists as the procedure typically
requires an ophthalmologist or optom-
etrist to perform pupil dilation and oph-
thalmoscopy.
Diabetic retinopathy is not only a se-

vere complication of diabetes leading to
vision loss, but is also an important in-
dicator to predict other complications,
such as diabetes nephropathy (32). Di-
abetic retinopathy is the complication
that may presage other complications
due to the strong linkage of suboptimal
monitoring or treatment of diabetes.
Therefore, detection of diabetic reti-
nopathy is not only beneficial for pre-
venting or minimizing the risk of vision
loss but also meaningful because it indi-
cates inadequate diabetes manage-
ment. Maximizing the effort to improve
diabetes-related vision care for racial
and ethnic minority patients can lead
to an overall decrease in diabetic reti-
nopathy disparity. Public health inter-
ventions are necessary on a large scale
to preserve vision in minority communi-
ties; it is also essential that individual
health care providers better understand
the impact of diabetic retinopathy on
minority communities and the available
interventions to reduce its impact.
Recognizing the importance of dia-

betic retinopathy complications, several
countries have implemented national
screening programs such as the National
Plan for Screening in the U.K. (33) and
the Ophdiat program in France (34). The
Diabetic Eye Screening Programme in
the U.K. offers annual digital fundus
photography for all patients with diabe-
tes over the age of 12 years regardless of
their socioeconomic status or ethnicity

(33). The U.K. population screening was
found to reduce the likelihood of eye
disease in patients with diabetes (35).
In addition, new screening methods us-
ing nonmydriatic retinal cameras have
been implemented recently to improve
the early detection and monitoring of
diabetic retinopathy (36). Using a dila-
tion procedure as the gold standard is
suggested by the American Diabetes As-
sociation guideline (37). The sensitivity
of digital and polaroid film nonmydriatic
retinal cameras were 86.2% and 84.1%
respectively, while their specificity was
only 71.2%. Therefore, this technique can
be often considered when a dilated eye
examination cannot be conducted (38).

Within the context of the current di-
abetes management strategies and new
screening technologies, the U.S. needs
to address how it can reorganize its
health care delivery system to improve
diabetic retinopathy screening services
for patients with diabetes. More ambi-
tiously, increased use of community-
based outreach should be considered
for minority populations, who are at a
higher risk of diabetes and its complica-
tions. Future studies should focus on the
underlying causes of these racial and
ethnic differences in preventive care.
Prospective studies to explore the dy-
namic effects of changes in health insur-
ance coverage and other socioeconomic
factors over time are warranted.

Study Limitations
Several limitations of the study should
be noted. First, the eye examinations
received were self-reported and may
be subject to recall bias. The informa-
tion collected by MEPS only focused on
the dilated eye examinations, but not
on other new tests conducted without
dilation. Regarding the fact that the di-
lated eye examination is still considered

to provide the most information and is
used commonly by ophthalmologists
and optometrists, the rates should be
most relevant to the quality of care for
diabetes. Some important factors such
as the duration, type, and severity of di-
abetes, which are critical factors for dis-
ease severity adjustment in comparing
differences in diabetic retinopathy
screening, were not collected in the sur-
vey. Second, some sample selection cri-
teria may affect our results. Individuals
with undiagnosed diabetes were not in-
cluded in the MEPS. Patients with diabe-
tes in the U.S. in 2011 include 7.0 million
undiagnosed people and 79 million pre-
diabetic people (2). Therefore, racial and
ethnic disparities for individuals with un-
diagnosed diabetes, which might be
more substantial than for those with di-
agnosed diabetes, are still unknown.
Given that the increasing prevalence of
diabetes is projected to reach 36 million
individuals in 2030 (39), the diabetes ep-
idemic poses a challenge to the provision
of eye care in the U.S. Finally, the cross-
sectional analytical framework was used
in this study, and causality could not be
established.

This study has primarily adopted the
disparity definition suggested by the
Agency for Healthcare Research and
Quality. The definition is simply measur-
ing differences in the means of racial/
ethnic groups. The unadjusted differ-
ence includes the intrinsic factors, which
cannot be removed by improving health
care systems and techniques. An alter-
native definition of racial/ethnic dispar-
ity, the residual direct effect, has also
been assessed secondarily in this study,
by adjusting for measurable variables
such as age, gender, education, insur-
ance coverage, family economic status,
marital status, and residential region.

Table 3—Stratified eye examination rates by insurance status and races/ethnicities: 2002–2009

Year

Insured diabetic patients eye examination rate Uninsured diabetic patients eye examination rate

Non-Hispanic whites (%) Minorities (%) P value Non-Hispanic whites (%) Minorities (%) P value

2002 58.89 59.43 0.87 32.32 40.37 0.23

2003 60.45 58.17 0.50 42.75 36.01 0.23

2004 58.88 60.18 0.75 29.54 36.78 0.15

2005 62.89 55.77 0.04 31.57 32.60 0.87

2006 62.02 54.41 0.03 38.06 24.09 ,0.01

2007 60.35 55.07 0.09 43.24 39.35 0.49

2008 64.80 52.53 ,0.01 39.60 28.50 0.11

2009 62.32 54.06 0.02 34.94 32.38 0.64
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The Institute of Medicine has recom-
mended an alternative definition of
racial/ethnic disparity, which is esti-
mated by eliminating the influence on
the overall difference by health care
needs or preferences of racial/ethnic
groups (40). TheMEPS has the limitation
of estimating health care needs and
preferences.

Summary
Our study provides insight into racial
and ethnic differences and influencing
factors in diabetic retinopathy screening
over the last decade. From 2002 to
2009, Americans with diabetes who
were from racial and ethnic minority
populations had consistently lower
crude eye examination rates than their
white counterparts. Although health
insurance coverage was consistently
associated with differences in eye ex-
amination rates across the study period,
the observed racial and ethnic differen-
ces have persisted even with insurance
coverage.
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