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ABSTRACT
PURPOSE Diabetic patients with limited access to ophthalmologists have low
screening rates for diabetic retinopathy. We evaluated a diabetic retinopathy
screening program in a community health center using single images taken with
a nonmydriatic retinal camera and primary care clinicians trained to read retinal
images.
METHODS This study was conducted from 2001 to 2004 in a multisite community health center staffed by family physicians, advanced practice nurses, and
physician’s assistants. The clinic serves a primarily low-income, Hispanic population. Clinic clinicians were trained to read the retinal photographs. All images
were overread by an ophthalmologist. Patients were referred to eye care specialists for severe diabetic retinopathy, unknown or other abnormality, or inadequate
photographs. We analyzed agreement between the clinicians and the ophthalmologist in recognizing diabetic retinopathy and in determining which patients
needed referral. We also analyzed overall screening rates based on clinic access
to the camera.
RESULTS One thousand forty diabetic patients were screened for diabetic retinopathy at the health center. One hundred thirteen (10.9%) were found to have
diabetic retinopathy, 46 severe enough to warrant referral to an ophthalmologist.
The clinicians failed to refer 35 (10.2%) of the 344 patients the ophthalmologist believed needed referral. Most cases of missed referral were due to failure
to recognize an inadequate photograph or for abnormalities other than diabetic
retinopathy. Screening rates were better in the clinic with a permanent camera.
CONCLUSIONS Primary care clinicians trained to read single images from a retinal camera have acceptable accuracy in screening for diabetic retinopathy. Further training may be necessary to recognize other common abnormalities.
Ann Fam Med 2008;6:428-434. DOI: 10.1370/afm.857.
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D

iabetic retinopathy is the leading cause of acquired blindness in the
United States in patients aged 20 to 74 years.1-3 Studies show that
earlier recognition of diabetes, better glucose control, and early
detection and treatment of diabetic retinopathy can slow or prevent the
development of blindness.4,5 Vulnerable populations, including minorities
and the elderly, are disproportionately affected by diabetes.6 Moreover,
because these groups are more likely to be uninsured or underinsured,
they have less access to medical care and are therefore disproportionately
affected by the complications of diabetes, including diabetic retinopathy.7-9
Effective screening and treatment programs can greatly reduce the
burden of blindness in vulnerable populations.10 Screening for diabetic
retinopathy in vulnerable patients is difﬁcult to achieve, however; it has
historically depended on access to specialist physicians by a patient
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population that often does not even have access to primary care physicians.11-13 Among minorities and other
populations with limited access to specialty medical
care, screening rates are generally in the range of 10%
to 20%.14-18 In such settings, poor adherence to retinal examination guidelines may reﬂect a system that
selectively denies specialist care to poor and uninsured
people, rather than a lack of attention or knowledge on
the part of the primary care physician.
The current standard of care for screening for
diabetic retinopathy is either a dilated eye examination performed by an ophthalmologist or dilated
ETDRS (Early Treatment Diabetic Retinopathy Study)
7-standard ﬁeld stereoscopic 30° fundus photography.19 Numerous studies have also shown a favorable
comparison between single-image retinal cameras and
the standard screening methods recommended by
the American Diabetes Association (ADA).20-24 These
cameras take high-quality, 45° retinal photographs,
usually without pupil dilation. Camera operation does
not require a highly trained technician, and retinal
photographs can be taken quickly and easily in a primary care ofﬁce, using digital technology or Polaroid
ﬁlm. At least 1 study has suggested that single photographs are inadequate for detecting diabetic retinopathy, but this study included the occurrence of any
diabetic retinopathy, including mild diabetic retinopathy not requiring referral.25 Studies cited above have
shown that the sensitivity of the single-photograph
camera in detecting moderate to severe nonproliferative and proliferative diabetic retinopathy is greater
than 90%.
We describe a screening program for diabetic
retinopathy using single-ﬁeld nonmydratic retinal photography and primary care clinicians trained to read
the photographic images. The study took place in a
community health center serving low-income patients
in northern Colorado. Most diabetic patients at the
clinic were uninsured. Because of the rural location
of several clinics, the lack of area eye specialists who
accept uninsured patients, and the low rate of private
insurance, few diabetic patients managed by this clinic
system had access to specialist eye care. Screening
rates for diabetic retinopathy in this population have
historically been less than 10%.
Our study assessed primary care clinicians’ accuracy in reading the single-image retinal photographs
and in correctly determining which patients need
referral. We also secondarily assessed whether screening rates varied with the access model to the retinal
camera. We did not assess the accuracy of the camera
itself against the more traditional means of screening
for diabetic retinopathy, nor did we assess results from
any actual referrals made.
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✦
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Association Lions/Sightsavers Research Grant, and the
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METHODS
Informed consent was obtained from all participants
in the study. The study was implemented in a multisite
federally qualiﬁed migrant/community health center
serving a large part of northern and northeastern Colorado. The study clinics were staffed full time by family
physicians, physician’s assistants, and nurse-practitioners.
Ninety-ﬁve percent of health center patients lived below
200% of the federal poverty line, and 67% lived below
100% of the federal poverty line. Sixty-ﬁve percent of
clinic patients identiﬁed themselves as Hispanic. Sixty
percent of the patients were completely uninsured, 28%
were insured through Medicaid, 6% were covered under
Medicare, and 6% had private insurance.
Six health center clinics participated in the study.
Two nonmydriatic retinal cameras (Canon Non-Mydriatic Retinal Camera with Polaroid Back, Canon USA,
Lake Success, New York) were assigned to the 6 clinics. One camera was placed permanently at a large
clinic (clinic 1, or C1), and another traveled among 3
other clinics (C2, C3, and C4). The ﬁnal 2 clinics (C5,
C6) were required to refer their patients to C1, C2,
C3, or C4 for screening.
Diabetic patients eligible for the study had single
photographs taken of each retina. Photographs were
initially read by a primary care clinician trained in
reading images from the retinal camera. Results of
those readings were entered into a database. All photographs were then overread by a retinal specialist
(N.M.) at the University of Colorado. Results were
returned to the primary investigator (T.F.) and entered
into the database. Finally, patients needing referral
(as determined by the retinal specialist) were contacted, and referrals to eye care specialists were made.
Depending on the ﬁndings, patients were referred
either directly to an ophthalmologist or sometimes
ﬁrst to an optometrist. Optometrists were often able
to arrange further referral to an ophthalmologist, if
needed. We use the term eye care specialist to include
both optometrists and ophthalmologists. This study
did not assess results of the actual referrals.
All nonpregnant patients older than 18 years with
a diagnosis of diabetes were determined to be eligible
to have eye photographs taken. Diabetic prenatal
patients were excluded because of the high risk of rapidly progressive diabetic retinopathy in that population
and the consequent need for immediate referral to an
ophthalmologist.
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A variety of methods were used to encourage
patients to undergo retinal screening. All clinicians
were advised of the program and encouraged to schedule patients for retinal photography. In addition, letters
were sent to diabetic patients asking them to make
appointments for retinal screening. Finally, in clinics
with a camera available, diabetic patients were encouraged to have retinal screening done on a walk-in basis
at the end of their clinic visits. No assessment was
made of how or with what degree of rigor these various modalities were used in each clinic.
Eight clinicians from the 6 clinics were trained in
reading ﬁlms from the retinal camera. The curriculum
for this training was devised by a retinal specialist
(N.M.). Because of the lack of access to ophthalmologists by the population under study, we decided to
refer only those patients with severe retinopathy
(based on the Airlie-House classiﬁcation system26,27)
needing immediate intervention. Table 1 lists the criteria for referral, as outlined in the training curriculum.
The retinal photographs were taken by speciﬁcally
trained camera operators. All photographs were taken
of undilated eyes. Because we were looking for diabetic retinopathy only, and because an ophthalmologic
examination is considered the reference standard of
care, patients were informed that the photographs were
not meant to take the place of a regular dilated eye
examination by an eye-care specialist.
There were 2 main outcome variables in this evaluation. First, we compared the clinicians’ reading of each
ﬁlm with the ophthalmologist’s reading. Outcomes
were analyzed in terms of sensitivity, speciﬁcity, and
positive and negative predictive values. The denominator for this variable included all diabetic patients
screened during the 3-year course of the program. Second, we determined the screening rates of patients at
the various clinics. For this variable, we included only
those diabetic patients seen at least 2 times during the
study period. Patients were considered to have been

Table 1. Criteria for Referral to Eye Care Specialist
Uninterpretable (inadequate) photographs
Severe diabetic retinopathy as evidenced by any of the following:
Diffuse intraretinal hemorrhage in all 4 quadrants
Any hard lipid exudate present within 1/3 disc diameter of fovea
An optic-disc-sized patch of hard lipid exudate, any part of which
is within 1 disc diameter of the fovea
Venous beading present in 2 quadrants
Any intraretinal microvascular abnormalities
Any neovascularization
Any vitreous hemorrhage
Other abnormalities, including retinal scarring or past laser surgery
Any unknown abnormalities
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screened if they had any photographs taken during the
3 years of the study period, regardless of the whether
the photographs were interpretable. SAS v 8.0 (SAS
Institute, Cary, NC) was used for all data analysis.
Before implementing the program, the curriculum
was tested on 20 primary care clinicians. After a single
3-hour training session using the devised curriculum,
the 20 clinicians were tested using 100 standardized
images of nondialated eyes from 50 diabetic patients
at a health center in Colorado. Using the reading from
the retinal specialist ophthalmologist (N.M.) as the reference standard, the overall sensitivity and speciﬁcity
of the 20 clinicians in reading these photographs were
88% and 92%, respectively.

RESULTS
During the 3-year course of the study, a total of
1,040 unduplicated diabetic patients had their eyes
photographed. Because many patients at this health
center are transient and seen only once, we decided
to include in the screening rate analysis only those
patients making at least 2 visits to the clinic during
the 3-year course of the study. Of the 1,040 total
patients screened, 96 made only 1 visit to the clinic
system during that 3-year period, leaving 944 who
met criteria for inclusion in the screening rate portion
of the study. A total of 2,586 diabetic patients made
at least 2 visits to the participating clinics during the
3-year course of the study, for an overall screening
rate of 37% (944 of 2,586). Most, 75%, of the diabetic
patients had no insurance, 6% were insured through
Medicaid, 9% were covered under Medicare, and 10%
had private insurance.
To determine agreement in reading between the
primary care clinicians and the retinal specialist, we
analyzed ﬁndings from all 1,040 patients who were
photographed. The retinal specialist determined that
in 302 (29%) of the patients, 1 or both of the photographs were not adequate for complete interpretation.
The clinicians identiﬁed 296 patients (28%) as requiring referral for inadequate photographs; these clinicians failed to recognize an inadequate photograph in
39 patients, though 21 of these patients were referred
for other reasons. An additional 33 patients the ophthalmologist judged to have adequate photographs
were referred by the clinicians for having inadequate
photographs. Most common reasons for inadequate
photographs included poor camera technique, dirty
optics, overly small pupils, or the presence of dense
cataracts. Clinicians tended to overinterpret photographs that the retinal specialist thought were too dark
(underexposed). If adequate photographs could not be
obtained, referral was made to eye care specialists.
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A total of 113 of 1,040 patients (10.9%) were determined by the retinal specialist to have some degree
of diabetic retinopathy. Forty-six of these 113 patients
(40.7%) had diabetic retinopathy severe enough to
warrant referral. Thirteen of the patients referred for
severe diabetic retinopathy were found among the 302
patients also determined to have inadequate photographs (in these patients, the photographs did not meet
the quality standards set in the protocol but nevertheless showed enough evidence of severe diabetic retinopathy to warrant referral on that basis as well). The
remaining 33 patients with severe diabetic retinopathy
were found among the 738 patients with adequate photographs. The overall rate of severe diabetic retinopathy was 4.4% (46 of 1,040). This estimate is likely low
given that patients with inadequate photographs may
be more likely to have diabetic retinopathy.
The primary care clinicians showed reasonable
accuracy in recognizing important diabetic retinopathy. Overall, these clinicians failed to recognize severe
diabetic retinopathy in 5 of the 46 patients determined to have it by the ophthalmologist. In 1 of these
patients, the clinician recommended referral for other
reasons (inadequate photograph), which left 4 missed
referrals out of the 46 patients with severe diabetic
retinopathy (91% sensitivity, 99% speciﬁcity). Of the
69 patients that clinicians referred for severe diabetic
retinopathy, the retinal specialist agreed with the reason for referral in 41 patients (positive predictive value,
59.4%; negative predictive value, 97%). All results are
displayed in Table 2.

Sixty-one patients of 1,040 (5.9%) patients were
found by the retinal specialist to have other abnormalities, 39 of whom required referral (3.75% of 1,040).
The most common other abnormality was an increased
cup-to-disc ratio. Other abnormalities also included
choroid nevus, arterial plaque, severe arterial attenuation and tortuosity, drusen, arterial sclerosis, macular
degeneration, myelinated nerve ﬁber layer, choroidal
atrophy, small optic nerve, epiretinal membrane, lipemia retinalis, and idiopathic perifoveal telangiectasia.
Many of these ﬁndings were recognized as abnormal
by the study clinicians; however, they failed to recognize 13 of the other abnormalities as requiring referral.
Reasons for all missed referrals are listed in Table 3.
Screening rates varied signiﬁcantly according to
access model, with the clinic with the permanent camera having the highest screening rate (Table 4). When
compared with the clinic with the permanent camera,
all but 1 of the other clinics had a signiﬁcantly lower
screening rate.
Overall costs of the program included approximately
$25,000 for each of the 2 cameras, plus approximately
$30,000 per year for each of 2 the trained camera operators (1 camera operator per camera). In addition, each
primary care clinician involved in the study lost a halfday of clinic productivity during training.

DISCUSSION
Our study showed that primary care clinicians can
be trained to recognize diabetic retinopathy using

Table 2. Results of Photograph Interpretations (n = 1,040) by Primary Care Clinician and Ophthalmologist
Reading Outcome, All Patients

Ophthalmologist

Primary Care
Clinician

Sensitivity

Specificity

PPV

NPV
0.98

a

Diabetic retinopathy, overall

113

156

0.85

0.94

0.62

Vitreous hemorrhage

5

7

1.0

0.997

0.71

1.0

Intraretinal microvascular abnormality

5

3

0.2

0.998

0.33

0.996

Venous beading

6

11

0.50

0.995

0.27

0.997

2 quadrants

4

9

0.50

0.99

0.22

0.99

98

90

0.73

0.98

0.80

0.97

Intraretinal hemorrhage
Diffuse
Neovascularization
Lipid exudates
1/3 disc diameter
Disc diameter

4

6

0.75

0.99

0.50

0.99

5

4

0.4

0.997

0.50

0.998

56

108

0.96

0.95

0.50

0.99

39

52

0.82

0.98

0.62

0.99
0.99

16

29

0.94

0.99

0.52

Referred for other abnormalityb

39

26

0.66

0.97

0.38

0.96

Referred for diabetic retinopathy

46

69

0.89

0.97

0.59

0.97

Referred for inadequate photograph

302

296

0.87

0.96

0.89

0.95

Referred, totalc

344

356

0.90

0.93

0.87

0.95

NPV = negative predictive value; PPV = positive predictive value.
a
b
c

For identification of any diabetic retinopathy, regardless of whether it needed referral.
Other abnormalities include laser and other retinal scarring.
Some patients were referred for more than 1 finding, but each patient referred was counted only once.
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nonmydriatic photography with a reasonable degree
of accuracy. The overall missed referral rate for all
screened patients was 3.3% (35 of 1,040). Overall,
the clinicians missed 10.2% (35 of 344) of the referrals that the ophthalmologist deemed necessary. The
clinicians correctly identiﬁed the other 309 patients
needing referral. The overall sensitivity for the primary care clinicians’ ability to appropriately refer
patients was 89.8%. Most of the missed referrals (18 of
35, 51.4%) were for failure to recognize an inadequate
photograph. Small pupils, poor photographic technique, and dirty optics accounted for most of the inadequate photographs. Although we did not track these
data, it is possible that patients with an inadequate
photograph would have a higher prevalence of severe
diabetic retinopathy.
Besides failure to recognize inaccurate photographs, the clinicians had the most problems recognizing other abnormalities that were not described in the
training curriculum. It may be that by expanding the
scope of the curriculum, these clinicians could also
adequately recognize such abnormalities as an enlarged

cup-to-disc ratio and choroidal nevi. It would be difﬁcult to develop a curriculum that could address all of
the myriad abnormalities found in retinal examinations
unrelated to diabetic retinopathy.
As might be expected, the clinicians were most
accurate in recognizing abnormalities of diabetic retinopathy that occur with the highest frequency (lipid
exudates and intraretinal hemorrhage) and that are the
most striking in appearance (vitreous hemorrhage).
The clinicians were much less sensitive in recognizing
subtle and unusual ﬁndings, such as venous beading
and intraretinal microvascular abnormalities. These
abnormalities occurred with a low frequency in the
population studied. Supplemental Figures 1 and 2
(available online at http://www.annfammed.org/
cgi/content/full/6/5/428/DC1) illustrate important
diabetic retinopathy missed by the clinicians.
Our study also showed that reasonable screening
rates for diabetic retinopathy among a low-income
population can be achieved using single-image retinal photography. Screening rates were highest in the
clinic with a permanent camera, although they were
still less than targeted standards. This low
rate is likely partly due to the transient
Table 3. Ophthalmologist Referrals Missed by Primary Care
nature of the population served by this
Clinician
clinic system. It’s possible this rate could be
improved using a more aggressive protocol
a
Abnormality Missed
No./Denominator (%)
to get patients in for screening. Clinics
Inadequate photograph
18/302 (6.0)
with a camera available twice yearly varOther abnormality needing referral (total)
13/39 (33.3)
ied substantially in their screening rates.
Abnormal cup-to-disc ratio
5
Interviews with clinicians at those clinics
Severe arterial attenuation and tortuosity
1
suggested that the intermittent nature of
Unknown abnormality
3
camera availability made it less likely for
Choroidal nevus
2
them to remember to refer patients for retiSmall optic nerve
1
Arterial plaque
1
nal photography. Clinics referring patients
Diabetic retinopathyb
4/46 (8.7)
to another clinic for screening had the lowTotal missed referrals
35/344 (10.1)
est screening rates. The wide variation in
screening rates are likely due to differences
Denominator is the number of referrals for each category made by the retinal specialist.
Clinicians missed severe diabetic retinopathy in 5 cases; 1 patient was referred for inadequate
in how clinicians at individual clinics chose
photograph and does not count as missed referral.
to refer patients for screening; some clinics
were more efﬁcient than others.
Other studies have shown that
Table 4. Patient Screening Rates by Clinic Access to Retinal Camera
single-image retinal photography
offer a reasonable alternative for
No. of Patients
Clinic
No.
With Diabetes
Screening
screening for diabetic retinopa(Access Model)
Screened
Mellitus
Rate
P Valuea
thy.20-24 At least 1 study found
C1 (permanent)
314
673
47
NA
that family physicians can accuC2 (twice yearly)
261
587
44
.436
rately detect diabetic retinopathy
C3 (twice yearly)
114
297
38
.017
using a nonmydriatic ophthalmoC4 (twice yearly)
130
519
25
<.001
scope.28 Another study found reaC5 (refer in)
95
368
26
<.001
sonable accuracy when automated
C6 (refer in)
30
142
21
<.001
image analysis was applied to
Total
944
2,586
37
<.001
nonmydriatic photographs.29 Our
For 95% confidence interval of rates, compared with C1, using χ analyses.
study is the ﬁrst to assess both an
a

b

a

2
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access model for diabetic retinopathy screening using
a single image taken with a retinal camera and primary
care clinicians trained to read the images.
There are a number of limitations to this study.
Most importantly, the type of photographic examination undertaken in this study does not attempt to take
the place of a more comprehensive examination by an
eye care specialist. We were exploring a new way to
screen for diabetic retinopathy in primary care. All
patients in the study were advised that they should try
to obtain care from an eye care specialist. For ﬁnancial reasons, this option was not available to the great
majority of our patients.
Second, we had many inadequate photographs. For
the purposes of the study, we did not use mydriatic
agents, which greatly limited our ability to obtain good
photographs in patients with small pupils. Since the
end of the study period, we have been using mydriatic
drops as needed, and our inadequate photograph rate
is now less than 1%. Our data would have been easier
to interpret had we implemented this procedure as part
of the research study.
A third limitation to our study is the nature of the
patient population in our community health center.
Because many patients drift through the area or go
through cycles of losing and regaining health insurance, they are seen intermittently. For that reason, we
decided not to measure our success rate based on the
recommendation of yearly screening; instead, we based
it on any screening examination done during the 3year course of the study. We recognize that measure
does not conform to the screening standards set by the
American Diabetes Association, US Public Services
Task Force, and others; however, the efﬁcacy of annual
screening compared with another interval has not been
well established.
There are limitations as to the questions our study
can answer. We did not attempt to evaluate the retinal camera itself beyond noting the high numbers of
inadequate photographs when not using mydriasis, nor
did we attempt to assess the reading proﬁciency of
individual clinicians. There may have been wide variations in skill among clinicians based on the number
of photographs read or based on the access model at
each clinician’s clinic. Our study did not attempt to
look at how successful we were in making referrals to
eye care specialists or the interventions resulting from
those referrals. Our health care system extends more
than 15,000 square miles. Each clinic has its own referral network. Finding specialty care for our patients is
difﬁcult under any circumstance and depends on any
number of variables speciﬁc to individual clinics and
patient circumstances. Furthermore, because we did
not have prestudy rates of screening with which to
ANNALS O F FAMILY MED ICINE
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compare our study rates, we cannot deﬁnitively say
that our screening rates improved with this program.
Finally, we did not standardize the procedures used
by the various clinics to get patients in for screening.
Some clinics were fairly aggressive in sending out
reminder cards, making telephone calls, and using the
no-missed-opportunities approach, whereas other clinics were less so, which likely explains the wide variation in screening rates among the clinics without a
permanent camera.
In the ﬁnal analysis, we decreased the number of
patients needing referral to eye care specialists for
diabetic retinopathy from 1,040 to 344. Our screening rate for diabetic retinopathy, at least in the clinic
with a permanent camera, compared favorably with
national data for insured populations. The primary care
clinicians in this study missed important diabetic retinopathy in 8.7% of the patients who had it (4 of 46),
but discovered retinopathy in 41 others (with 1 patient
with severe diabetic retinopathy referred for an inadequate photograph). Because of the many uninsured and
low-income diabetic patients in our system, we could
easily overwhelm any eye care specialist who agreed to
see them for screening and treatment. We believe that
by taking on the screening burden ourselves, local eye
care specialists may be more willing to see the far fewer
patients with retinopathy needing further evaluation and
treatment. With this program, we believe that we will be
able to obtain specialty care for our patients with severe
diabetic retinopathy before it causes vision loss.
Using single-image retinal photographs taken with
a nonmydriatic retinal camera in primary care ofﬁces,
with primary care clinicians reading the resulting
images, may be a cost-effective way to help reduce
vision loss in diabetic patients who have limited access
to ophthalmologists.
To read or post commentaries in response to this article, see it
online at http://www.annfammed.org/cgi/content/full/6/5/428.
Key words: Diabetic retinopathy; mass screening; low income population; primary health care; single photograph retinal camera
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