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ABSTRACT
Objective: To determine the prevalence and risk
factors of diabetic retinopathy in the inpatient diabetic
population in the USA and to determine the barriers to
ophthalmic examinations and treatment among this
population.
Research design and methods: A cross-sectional
analysis of 113 inpatients with diabetes mellitus admitted
to an inner city community teaching hospital in
Pittsburgh. Digital fundus photographs of the posterior
pole were taken of each eye after pharmacological
dilation. Presence, absence and severity of diabetic
retinopathy and macular edema were graded on the basis
of internationally accepted criteria. An investigator-
administered questionnaire and review of the medical
record were used to obtain data about patient
demographics, clinical characteristics and barriers to
ophthalmic care. The association between these data and
the presence of diabetic retinopathy was tested.
Results: The estimated prevalence of diabetic
retinopathy in the inpatient population was 44% (95% CI
34% to 53%). The prevalence of previously undiagnosed
diabetic retinopathy and sight-threatening retinopathy
was 25% (95% CI 17% to 33%) and 19% (95% CI 11%
to 26%), respectively. Renal disease was independently
associated with the presence of diabetic retinopathy (OR,
3.86; 95% CI 1.22 to 12.27), as well as a longer duration
of diabetes (OR, 1.08 per year; 95% CI 1.014 to 1.147).
Diabetic retinopathy was seen in 15 of 17 patients
admitted with diabetic foot ulcers or osteomyelitis.
Frequently reported barriers to ophthalmic examinations
included lack of transportation and physical disability.
Conclusions: The prevalence of diabetic retinopathy and
sight-threatening diabetic retinopathy in the inpatient
population is likely significantly higher than in the general
diabetic population in the USA. These patients have
barriers to care that need to be addressed to make
standard of care ophthalmic examinations and treatment
possible in this population.

INTRODUCTION
Diabetic retinopathy is the leading cause of
new cases of blindness in US adults aged 20–
74 years.1 Evidence indicates that with timely

diagnosis and appropriate care, 50–70% of
vision loss from diabetes can be prevented.2–7

Moreover, standard of care screening and
treatment of diabetic retinopathy prevents
needless vision loss and is also cost-effective,
with potential savings of $600 million in the
USA annually.8 Current guidelines from the
American Diabetes Association indicate that
all patients with type 1 diabetes should have
a dilated eye examination within 5 years of
diagnosis and annually thereafter; and all
patients with type 2 diabetes should have a
dilated eye examination at the time of diag-
nosis and annually thereafter.9 Owing to
various reasons such as lack of knowledge,
affordability and time,10 ophthalmic care for
many patients with diabetes remains less
than optimal and many develop severe and
irreversible visual impairment.
The current estimated prevalence of dia-

betic retinopathy and sight-threatening dia-
betic retinopathy among US diabetics is
28.5% and 4.4%, respectively.11 Currently,
there are no documented studies that have
reported the prevalence of diabetic retinop-
athy among diabetic inpatients in US hospi-
tals. In particular, there are no data
regarding the prevalence of undiagnosed
and sight-threatening diabetic retinopathy in
this high-risk population. A PubMed search

Key messages

▸ The prevalence of retinopathy in diabetic inpati-
ents was significantly higher than in an out-
patient population and one quarter of inpatients
with diabetes were noted to have previously
undiagnosed retinopathy.

▸ A history of renal disease and admission for
non-healing ulcer were strongly correlated with
the presence of retinopathy.

▸ Patient education and awareness were less
important barriers to care than were transporta-
tion and physical disability in this population.
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failed to identify previously published data, indicating
the barriers to ophthalmic care for this high-risk popula-
tion. Knowledge of these barriers could assist in addres-
sing shortcomings in diagnosis and treatment. The
inpatient population is generally a sicker population
with more associated comorbidities. Our objective in the
current work was to determine the prevalence and risk
factors of diabetic retinopathy in the inpatient diabetic
population in the USA and to determine the barriers to
ophthalmic examinations and treatment among this
population.

METHODS
This study protocol was approved by the University of
Pittsburgh Institutional Review Board and informed
written consent was obtained from all participants.

Study population
Between 1 September 2011 and 31 August 2012, 113
consecutive eligible inpatients with a known diagnosis of
diabetes mellitus were enrolled in this cross-sectional
study at UPMC Mercy Hospital in Pittsburgh, an inner
city community teaching hospital. Participants were
selected from an inpatient diabetes census according to
a computer-generated randomisation table. Of those
randomly selected, only those who fulfilled predeter-
mined inclusion criteria were invited to participate in
the study. Women and men ≥18 years, admitted to
UPMC Mercy Hospital with type 1 or 2 diabetes on the
basis of either a previous diagnosis made by a physician
or hemoglobin A1C ≥6.5% (48 mmol/mol), were eli-
gible for participation. Exclusion criteria included
patients with type 1 diabetes diagnosed within the past
5 years as these patients would not be expected to have
retinopathy; patients who were too ill or debilitated to
participate in a bedside photographic examination; and
cases of known pregnancy, in order to eliminate the
potential confounder of gestational diabetes.

Clinical and demographic data
An investigator-administered questionnaire and review of
the medical record were used to obtain data about sec-
ondary risk factors for retinopathy including duration of
diabetes, hemoglobin A1C, and associated comorbid-
ities: hypertension, coronary artery disease, hyperlipid-
emia, renal disease, and peripheral neuropathy/
peripheral vascular disease. Patients were recorded as
having these comorbidities if they self-reported them or
if they appeared on a review of the record. Hemoglobin
A1C values recorded were the most recent ones found
on review of the electronic health record. The type of
diabetes, that is, type 1 or type 2, and admission diagno-
ses were recorded. Gender, age, race/ethnicity, educa-
tion, family income, and insurance status were recorded.
Patients were asked whether they had an ophthalmolo-
gist; when they had their last dilated fundus examin-
ation; whether or not they had been diagnosed with

diabetic retinopathy in the past; and whether or not
they knew diabetes could affect vision. Participants who
had not had a dilated fundus examination in more than
a year were interviewed for barriers to ophthalmic care.
Patients were asked whether they had a primary care
physician, an endocrinologist, a cardiologist, a nephrolo-
gist and/or a podiatrist.

Fundus photography
Each participant underwent a retinal screening examin-
ation via digital fundus photography after pharmaco-
logical dilation with 0.5% tropicamide. Nonstereoscopic,
45° single-field images of the posterior pole, which
included the macula, major vascular arcades, and optic
nerve, were captured. Examinations were performed at
the bedside. Patients were required to sit up, position
their chin at a chin rest and hold still long enough for
the photograph.
Two ophthalmologists graded the photos independ-

ently. Both were masked to the demographic data and
medical history. When there was discordance between
the readers, they reviewed the images and agreed on the
final interpretation.
Each individual fundus photograph was graded lesion

by lesion, and the severity of retinopathy was determined
using the proposed new international classification of
diabetic retinopathy.12 Diabetic retinopathy was classified
into five severity levels: (1) no retinopathy, (2) mild non-
proliferative, (3) moderate non-proliferative, (4) severe
non-proliferative, and (5) proliferative diabetic retinop-
athy (PDR). Diabetic macular edema was classified as
clinically significant macular edema (CSME) or
non-CSME, based on the Early Treatment Diabetic
Retinopathy Study criteria, without stereoscopic images.
For purposes of this study, those images with hard exu-
dates within 500 microns of the foveal center, or a
cluster of exudates greater than 1 disc diameter in size
within 1 disc diameter of the foveal center, were classi-
fied as CSME. Certain photos were marked as ungrad-
able as deemed necessary by the reviewers. The severity
of retinopathy in each participant was determined by
the eye with worse disease. Sight-threatening disease was
defined as severe non-proliferative diabetic retinopathy
(NPDR), PDR or CSME.

Patient education
All patients were given an explanation of diabetic retin-
opathy, its potential to cause visual impairment, and the
importance of regular follow-up examinations. All
patients were informed of the results and limitations of
their retinal screening examination before hospital dis-
charge. All available treatment options were offered to
those who could benefit from intervention. After obtain-
ing a written consent about the disclosure of informa-
tion, each study patient’s primary care physician and/or
endocrinologist was informed of the diagnosis and
recommended treatment and/or follow-up via letter.
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Analysis
The sample size calculation was based on determining
the prevalence of undiagnosed diabetic retinopathy in
an inpatient population, which we estimated to be 20%.
Therefore, to estimate a 95% CI with 7.5% precision,
110 patients were required for the study.
Data were analyzed using SPSS statistical software. The

primary analysis sought to determine the prevalence of
diabetic retinopathy in the inpatient setting. A second-
ary analysis sought to examine the barriers to standard
of care diabetic retinopathy screening examinations.
Logistic regression was used to detect the independent
factors associated with diabetic retinopathy. First, we
examined univariate relationships between each variable
and the presence of diabetic retinopathy. Multivariable
logistic regression with backward stepwise variable selec-
tion was used to see which variables could independ-
ently explain the presence of diabetic retinopathy. For
continuous variables, we used the non-parametric t test.
For categorical variables, we used the χ2 test. An explora-
tory analysis looked at the subspecialists involved in the
care of this study population.
Of the 113 patients enrolled in the study, three

patients were physically unable to take photos after
being initially deemed eligible to do so, and two patients
decided to have photos of insufficient quality to be
graded. These five patients were therefore excluded
from the calculation of the prevalence of retinopathy
(n=108). They were also excluded from the regression
analysis to determine factors predictive of diabetic retin-
opathy. They were, however, included in the analysis of
barriers to care.

RESULTS
The clinical and demographic characteristics of the 113
patients enrolled in the study are summarized in table 1.
The prevalence of retinopathy and classification data

are listed in tables 2 and 3.
Figure 1 shows the barriers to standard of care dia-

betic retinopathy screening examinations as reported by
those patients who did not have a dilated fundus exam-
ination within the previous year.
Lack of knowledge that diabetes can affect vision was

reported by 9% (10/113) of patients. A dilated eye
examination within the past year was reported by 40%
(45/113) of patients and 5% (6/113) of patients
reported never having had a dilated fundus
examination.
Baseline clinical and demographic features were

tested for association with diabetic retinopathy in a uni-
variate analysis (table 4).
Of these, renal disease (OR, 3.86; 95% CI 1.22 to

12.27; p=0.022) and longer duration of diabetes (OR,
1.08 per year duration; 95% CI 1.014 to 1.147; p=0.017)
were independently associated with the presence of
diabetic retinopathy in the multivariable analysis.
Additionally, 15 of 17 (88.2%) patients who were

Table 1 Demographic and clinical characteristics of study

patients

n (%)

Sex

Male 52 (46)

Female 61 (54)

Age (years)

<50 20 (18)

50–60 34 (30)

61–70 22 (19)

71–80 24 (21)

>80 13 (12)

Race

Black 30 (27)

White 83 (73)

Education

High (>12 years) 52 (46)

Low (<12 years) 61 (54)

Annual Income ($)

<25 000 65 (58)

25 001–50 000 34 (30)

50 001–75 000 5 (4)

75 001–100 000 4 (4)

>100 000 4 (4)

Health insurance

Yes 101 (89)

No 12 (11)

Ophthalmologist

Yes 72 (64)

No 41 (36)

Last dilated fundus examination

<1 year 45 (40)

>1 year 60 (53)

Never 6 (5)

Not sure 2 (2)

Knowledge that DR can affect vision

Yes 103 (91)

No 10 (9)

Type of diabetes

Type 1 5 (4)

Type 2 108 (96)

Duration of diabetes

Recent (≤10 years) 61 (54)

Not recent (>10 years) 44 (39)

Unknown 7 (6)

A1C% (mmol/mol)

<6.5 (48) 21 (19)

6.5–8.5 (48–69) 38 (34)

8.6–10.5 (70–91) 14 (12)

>10.5 (91) 16 (14)

Not available 24 (21)

Hypertension

Yes 96 (85)

No 17 (15)

Hyperlipidemia

Yes 77 (68)

No 36 (32)

Coronary artery disease

Yes 59 (52)

No 54 (54)

Continued
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admitted with a non-healing diabetic ulcer/osteomyelitis
were found to have diabetic retinopathy, indicating that
diabetic ulcers are very strongly associated with presence
of disease among our study population. The association
was so strong that we excluded it from the multivariable
logistic regression model due to the statistical concept of
near-perfect separation.
Most patients (96%) reported having a primary care

physician; 64% reported having an ophthalmologist;
41% reported having a podiatrist; 37% reported having
a cardiologist; 25% reported having an endocrinologist;
and 13% reported having a nephrologist.

DISCUSSION
The overall prevalence of diabetic retinopathy in this
inpatient population was 44%, which correlates with the
44% prevalence previously reported from an inpatient
population studied in Tel-Aviv, Israel.13 The prevalence
in our study is also in line with the 38% overall preva-
lence reported from an inpatient population in
Bogenhausen Hospital, Munich, Germany.14 It is

significantly higher than the prevalence in the general
US population (28.5%).11 Reasons to explain the higher
prevalence of diabetic retinopathy in the inpatient popu-
lation include more comorbidities in a generally sicker
population. The Tel-Aviv study reported that 22% of the
inpatient population studied required laser treatment.13

This also correlates reasonably well with the 19%
prevalence of sight-threatening retinopathy determined
in our study. Perhaps most importantly, however, is
that one in four patients in our study were found to
have previously undiagnosed diabetic retinopathy ranging
from mild non-proliferative disease to sight-threatening
retinopathy.
The demographics for the population studied are

likely to differ from those of the general outpatient dia-
betic population in several ways. It is likely to be an
older population with a greater duration of diabetes,
poor diabetic control, medical comorbidities and lower
socioeconomic status. This was a major motivation for us
to undertake this work. We believe that we have identi-
fied a high-risk population that can now be considered
for targeted intervention. Furthermore, the prevalence
of retinopathy may differ across different services within
the same hospital. Further study may allow more precise
identification of patients at higher risk.
Curiously, most inpatients in our population (91%) are

aware of the ocular complications of diabetes and many
(64%) do have ophthalmologists (more than any other
subspecialty listed), yet only a minority (40%) of patients
are getting the recommended standard of care screen-
ing examinations. Barriers that are unique to this high-
risk population may explain this disparity. As can be
seen in figure 1, frequently reported barriers included
transportation and physical disability, as well as being
too sick or having too many other medical appoint-
ments. This is in contrast to the general diabetic popula-
tion, for which previous studies have concluded that
patients’ lack of awareness due to lack of education or
instruction is the primary barrier to patients receiving
annual dilated eye examinations.10 15 16 Also, while it is
likely that any patient with diabetes would benefit from
additional education and instruction, the inpatient
population appears to have additional barriers related to
its comorbidities that need to be addressed. Additionally,

Table 1 Continued

n (%)

Renal disease

Yes 28 (25)

No 85 (75)

Peripheral vascular disease

Yes 62 (55)

No 51 (45)

Reason for admission

Diabetes-related* 8 (7)

Cardiac 22 (19)

Stroke/TIA 11 (10)

Non-healing diabetic ulcer/osteomyelitis 19 (17)

Other 62 (55)

*Excluding non-healing diabetic ulcers/osteomyelitis.
DR, diabetic retinopathy.

Table 2 Prevalence of diabetic retinopathy (n=108)

Stage n Prevalence (%) 95% CI

Diabetic retinopathy—

any severity

47 44 34 to 53

Previously

undiagnosed diabetic

retinopathy

27 25 17 to 33

Sight-threatening

diabetic retinopathy*

20 19 11 to 26

Previously

undiagnosed

sight-threatening

diabetic retinopathy

4 3.7 0.1 to 7.3

*Severe NPDR, PDR, CSME.
CSME, clinically significant macular edema; NPDR,
non-proliferative diabetic retinopathy; PDR, proliferative diabetic
retinopathy.

Table 3 Classification of diabetic retinopathy (n=108)

Stage n Prevalence (%)

No diabetic retinopathy 61 56

Mild non-proliferative diabetic

retinopathy

16 15

Moderate non-proliferative diabetic

retinopathy

14 13

Severe non-proliferative diabetic

retinopathy

1 1

Proliferative diabetic retinopathy 13 12

Clinically significant macular edema 7 6
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many study participants cited affordability and lack of
time as barriers to care, which is consistent with previous
studies.10

After examining factors associated with diabetic retin-
opathy, duration of diabetes and history of renal disease

were each found to be independently predictive of dia-
betic retinopathy in the inpatient population, which is
consistent with previous studies.17 18 Although microal-
buminuria has been shown to be a risk factor for retin-
opathy in patients with type 1 diabetes but not type 2

Figure 1 Barriers to diabetic

retinopathy screening

examinations as reported by

those patients who did not have

dilated fundus examinations in

the previous year. DR, diabetic

retinopathy.

Table 4 Univariate analysis

Presence of diabetic retinopathy (DR)

p ValueVariable No Yes

Hypertension 52 (85.2%) 39 (83.0%) 0.748

Coronary artery disease 29 (47.5%) 27 (57.4%) 0.307

Hyperlipidemia 41 (67.2%) 33 (70.2%) 0.739

Renal disease 8 (13.1%) 20 (42.6%) 0.001

Hemodialysis 1 (1.6%) 8 (17.0%) 0.004

Peripheral neuropathy/peripheral vascular disease 25 (41.0%) 35 (74.5%) 0.001

Admission diagnosis

Diabetic (diabetic ketoacidosis, hyperosmolar

hyperglycemic non-ketotic syndrome)

5 (8.2%) 3 (6.4%) 0.721

Cardiac (angina, myocardial infarction) 11 (18.0%) 11 (23.4%) 0.492

Diabetic ulcer/osteomyelitis* 2 (3.3%) 15 (31.9%) <0.001

Stroke/TIA 4 (6.6%) 5 (10.6%) 0.447

Other 43 (70.5%) 18 (38.3%) 0.001

Education 0.896

Grade school 2 (3.3%) 2 (4.3%)

Some high school 11 (18.0%) 7 (14.9%)

High school 20 (32.8%) 18 (38.3%)

Some college 16 (26.2%) 12 (25.5%)

College 8 (13.1%) 7 (14.9%)

Masters 4 (6.6%) 1 (2.1%)

Family income 0.303

<25 000 35 (58.3%) 27 (57.4%)

25 001–50 000 15 (25.0%) 17 (36.2%)

50 001–75 000 3 (5.0%) 2 (4.3%)

75 001–100 000 4 (6.7%) 0 (0.0%)

>100 000 3 (5.0%) 1 (2.1%)

Median (IQR) for DR Median (IQR) for DR

Duration of diabetes 6.0 (2.5–10.0) 15.0 (10.0–20.0) <0.001

Hemoglobin A1C (%)† 6.8 (6.3–8.7) 8.3 (6.9–10.0) 0.020

*Not included in the multivariable logistic regression due to near-perfect separation.
†Not included in the multivariable logistic regression due to high missing value count.
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diabetes, overt nephropathy has been well correlated
with diabetic retinopathy.17 Our data also indicate that
an admission diagnosis of non-healing diabetic ulcer is
very strongly associated with the presence of diabetic ret-
inopathy (15 of 17 patients) and is potentially a very
important predictor of disease. This is consistent with a
recent study among patients with hemodialysis that
found a significant correlation between diabetic retinop-
athy and peripheral arterial disease.18

There are several limitations to this study. The study popu-
lation was restricted to inpatients at UPMC Mercy Hospital
in Pittsburgh, an inner city community teaching hospital.
Care should be taken in the generalization of conclusions
to other types of hospitals in other areas of the country. It
could be argued that the prevalence values reported in this
study may be higher due to the lower overall socioeconomic
demographic of our study population. On the other hand,
since some patients who were too ill to obtain fundus
photos did not qualify for the study, the true prevalence of
disease may actually have been underestimated.
There are limitations to posterior pole fundus photos

for diabetic retinopathy screening, and some patients
with mild peripheral disease may have been missed. This
would have the effect of underestimating retinopathy.
Several studies have shown that single-field fundus pho-
tography can serve as an effective screening tool to iden-
tify patients with diabetic retinopathy for referral for
ophthalmic evaluation.19

The prevalence of undiagnosed disease was deter-
mined on the basis of a self-report of disease, and
patient responses may not always be accurate. For
example, there were two patients in the study with evi-
dence of prior laser treatment who reported no history
of diabetic retinopathy. For this study, these two cases
were classified as having been previously diagnosed.
Finally, with regard to the regression analysis, there are
inherent limitations in differentiating cause and effect
from simple association in a cross-sectional study.
The CI for the true prevalence of retinopathy in this

population—34–53%—is wide. A larger number of
patients photographed would have resulted in a tighter
estimate. The estimate is high enough, though, to allow
us to conclude that the prevalence of retinopathy for
this population is significantly higher than that for the
general diabetic population.
On the basis of the results of this study, the prevalence

of retinopathy among the population of inpatients with
diabetes is likely significantly higher than among the
general diabetic population in the USA and a significant
percentage of these patients are likely to have undiag-
nosed or sight-threatening disease despite being under
medical care. These patients have unique barriers that
need to be addressed in order to make standard of care
ophthalmic examination and treatment possible.
Patients with renal disease and patients admitted for
non-healing diabetic ulcers are at particularly high risk.
Hospitalization provides an opportunity to intervene.

Possible interventions could include routine scheduling

of an ophthalmological examination as part of discharge
planning, photographic screening during the hospital
stay or inpatient ophthalmological consultation for all or
a subset of these patients. While inpatient consultation
for every diabetic would be impractical, consultation or
photographic screening for a select group has the poten-
tial to save sight.
Areas for future research include examination of

prevalence of retinopathy over a larger variety of US hos-
pitals to better determine the overall prevalence of dia-
betic retinopathy among the inpatient population in the
USA. In addition, the outcomes and cost-effectiveness of
routine inclusion of the scheduling of an eye examin-
ation as part of discharge planning and/or the routine
use of retinal photographic screening during hospitaliza-
tion should be examined.
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