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Purpose: We compared smartphone fundus photography, nonmydriatic fundus photography, and 7-field
mydriatic fundus photography for their abilities to detect and grade diabetic retinopathy (DR).

Design: This was a prospective, comparative study of 3 photography modalities.
Participants: Diabetic patients (n ¼ 300) were recruited at the ophthalmology clinic of a tertiary diabetes care

center in Chennai, India.
Methods: Patients underwent photography by all 3 modalities, and photographs were evaluated by 2 retina

specialists.
Main Outcome Measures: The sensitivity and specificity in the detection of DR for both smartphone and

nonmydriatic photography were determined by comparison with the standard method, 7-field mydriatic fundus
photography.

Results: The sensitivity and specificity of smartphone fundus photography, compared with 7-field mydriatic
fundus photography, for the detection of any DR were 50% (95% confidence interval [CI], 43e56) and 94% (95%
CI, 92e97), respectively, and of nonmydriatic fundus photography were 81% (95% CI, 75e86) and 94% (95% CI,
92e96%), respectively. The sensitivity and specificity of smartphone fundus photography for the detection of
vision-threatening DR were 59% (95% CI, 46e72) and 100% (95% CI, 99e100), respectively, and of nonmydriatic
fundus photography were 54% (95% CI, 40e67) and 99% (95% CI, 98e100), respectively.

Conclusions: Smartphone and nonmydriatic fundus photography are each able to detect DR and sight-
threatening disease. However, the nonmydriatic camera is more sensitive at detecting DR than the smart-
phone. At this time, the benefits of the smartphone (connectivity, portability, and reduced cost) are not offset by
the lack of sufficient sensitivity for detection of DR in most clinical circumstances. Ophthalmology 2015;122:2038-
2043 ª 2015 by the American Academy of Ophthalmology.
Worldwide, the prevalence of diabetes is increasing rapidly.
Although diabetes was previously considered a disease of
affluence, it is now estimated that 85% of those with undi-
agnosed diabetes live in low- or middle-income countries.1,2

Asia is now home to approximately 80% of the world’s dia-
betic population,1,3 including more than 60 million Indians,
and the total number of diabetic persons is expected to in-
crease to more than 100 million by 2030.2,4 Alongside this
rapidly increasing disease incidence is an increase in the
associated complications, including diabetic retinopathy
(DR), which is estimated to affect more than 93 million
people.5 Although the burden of DR is significant, early
treatment is effective, and an estimated 90% of severe
vision loss can be prevented.6 Early detection and
management of DR require an effective screening program.
The current clinical practice guidelines recommend annual
or biennial comprehensive eye examinations.1,7e9

Unfortunately, there are many barriers to screening and
compliance with current screening recommendations, even
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in high-resource settings.10 Access to care for screening
represents a significant obstacle. Presently, there is a
shortfall in the number of ophthalmologists worldwide,
with the most significant lack of providers in developing
countries despite the rapidly increasing disease burden in
these same regions.11 Cost is another significant barrier.
Both direct and indirect costs, such as transportation and
time away from work, represent additional barriers to
regular eye care for many patients.12e14

A commonly used alternative to the comprehensive eye
examination is remotely interpreted fundus photography,
also known as “telemedicine” or “teleretinal screening.”15

Programs using these remote screening techniques have
been successful in various high- and low-resource settings,
including India.14,16e20 In particular, nonmydriatic fundus
photography offers a noninvasive, fast, and convenient
method of screening that does not require pupillary dila-
tion.21 Although these programs offer an appealing solution
for DR screening, a typical fundus camera may be beyond
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the means for many resource-limited areas, with costs
ranging from $20 000 to $50 000, thus making this equip-
ment unaffordable in many developing countries.14

A newly described technique using a smartphone camera
for fundus photography could offer low-cost screening,
especially with personnel shortages and limited photographic
equipment, even in low- and middle-income countries.22 The
smartphone offers a new alternative that is cheaper, is
portable, and has image transmission capability. Reports
thus far have been limited to descriptions of technique22e25

or third-party attachments to cellphone cameras.26 To date,
this alternative has not been examined in a systematic study
that compares imaging methods with the standard
techniques of dilated, 7-field fundus photography. We
compare the effectiveness of smartphone fundus photog-
raphy, the nonmydriatic fundus camera, and standard 7-field
mydriatic photography in detecting and grading DR in a
retina specialty clinic in south India.
Methods

All patients provided signed informed consent before participation
in the study. This study was approved by the Madras Diabetes
Research Foundation Ethics Committee and the Emory University
Institutional Review Board, and the research adhered to the tenets
of the declaration of Helsinki.

A total of 300 patients were recruited at the Eye Department
at Dr. Mohan’s Diabetes Specialties Centre in Chennai, India.
This sample size was selected on the basis of feasibility, given
the limited time and resources to complete the study. To
examine across multiple stages of DR, people were recruited on
the basis of the duration of diabetes (<18 months in 100 people,
18 months to 15 years in 100 people, and >15 years in 100
people) to enhance the diversity of DR severity. The inclusion
criteria for patients included age ranging from 18 to 65 years, a
diagnosis of type 2 diabetes, and a willingness to undergo
photography with all 3 cameras. People were excluded from the
study if they had a medical condition that was a contraindication
to dilation, had an overt media opacity, or had gestational dia-
betes. Patient eligibility was determined by review of medical
records on presentation to the clinic, and patients were recruited
over a period of 5 months.

Patients underwent all 3 imaging techniques on the same day as
their regular eye appointment. Before beginning the study pro-
cedures, clinic staff obtained written consent from the patients and
then administered a health questionnaire containing basic questions
about diabetes management and past ocular health. After initial
evaluation of visual acuity and a slit-lamp examination of the
anterior segment of the eye, nonmydriatic photography was per-
formed using the Nidek Model AFC-230 (Nidek Inc., Fremont,
CA). Patients sat in a darkened room for approximately 1 to 3
minutes to achieve physiologic mydriasis before photography.
Three 45-degree field images were taken of each eye, 1 view
centered on the fovea, 1 nasal view centered on the optic disc, and
1 temporal with the optic disc at the edge of the field. The
photographer evaluated each photograph immediately for clarity
and focus. If the image was not satisfactory, the images were
reacquired. The patient’s eyes were then dilated using 0.5% tro-
picamide drops.

After adequate dilatation was achieved, the smartphone was
used to take a video of each eye. To perform this examination, a 20
diopter condensing lens was held in the photographer’s left hand
and the iPhone 5 (Apple Inc., Cupertino, CA) was held in the right
hand. The images were captured on the 3264�2488 pixels of the
camera sensor using previously reported techniques.22 The FilmIc
Pro application (Cinegenix, LLC, Seattle, WA) allows the
smartphone camera focus and zoom to be independently adjusted
with an active light source from the phone. The light was set to
the lowest intensity to minimize patient discomfort. The lens was
held approximately 6 cm from the patient’s eye, and the camera
was held approximately 12 cm from the eye. While filming, the
photographer observed the on screen video display and adjusted
the distance of the lensephone relationship to both focus and
optimize the field of view to the macula and optic disc. After
confirmation of adequate video segments from both eyes, the video
was stopped. The photographer reviewed the video, and repre-
sentative screen shots were acquired to obtain the best images of
the optic nerve and macula.

Last, the patient had standard 7-field fundus photography per-
formed by a trained optometrist using the Zeiss FF450 Plus (Carl
Zeiss Meditec, Inc., Dublin, CA). Immediately after each photo-
graph, image quality was assessed and images were reacquired as
necessary. One photographer performed all image acquisition for
each individual modality to ensure a standard technique.

All photographs were coded with an identification number and
uploaded to a secure database. The photographs were assessed, and
if no lesions of DR were seen, the absence of DR was recorded. If
any lesions were seen, the presence of DR was recorded and the
severity assigned on the basis of scoring according to the following
modified Early Treatment Diabetic Retinopathy Study (ETDRS)
criteria for the grading of DR compared with standards.27 A
modified grading scale based on ETDRS criteria was used to
simplify categorization. The ETDRS level 20 to 35 is labeled as
mild nonproliferative DR, 43 to 47 is labeled as moderate
nonproliferative DR, >53 to 60 is labeled as severe, and >60 is
labeled as proliferative DR. The presence of panretinal
photocoagulation (PRP) laser burns was classified as proliferative
DR. Macular edema was judged to be present with visible
cystoid spaces, retinal thickening, hard exudates, or laser
photocoagulation scars within the macula. Two retina specialists
(V.P. and A.M.H.) assessed the images independently. Images
were reviewed on a Dell 24-inch monitor (Model P1424H; Dell
Inc., Round Rock, TX) at 1920�1080 resolution. The graders were
masked to the fellow grader’s assessment and any patient-related
data. Disagreement in the severity of retinopathy between the 2
graders was adjudicated by a third retina specialist (R.R.). The
presence of macular edema or a grade of severe nonproliferative
DR or worse was considered vision-threatening diabetic retinop-
athy (VTDR). The quality of the photograph was graded on a 1 to 5
scale (excellent, good, satisfactory, poor, unreadable). The quality
was dependent on the visibility of detail and the acquisition of the
entire macular region.

The sensitivity and specificity for diagnosing DR and VTDR
were calculated for the smartphone and for nonmydriatic fundus
photography assuming that dilated, 7-field fundus photography
gave the true diagnosis and was the gold standard. The 95%
confidence intervals (CIs) for sensitivity and specificity were
calculated using normal approximations. Similar calculations were
done for nonmydriatic fundus photography. In addition, the
agreement between dilated, 7-field fundus photography and both
the smartphone and nonmydriatic fundus photography was
assessed using the kappa statistic. These analyses were carried out
on an eye-specific basis.

Given the strong inter-eye correlation (the phi coefficients for the
association of the presence of DR and of VTDR between left and
right eyes for each of the devices are reported in the “Results” sec-
tion), estimates of sensitivity and specificity were also calculated
2039



Table 1. Demographics (by Person)

Mean (SD) or N (%)

Age (yrs) 47.94 (11.01), (n ¼ 300)
Male sex 201 (67.0%)
HBA1C (%) 8.74 (2.13), (n ¼ 295)
HBA1C (mmol/mol) 72 (n ¼ 295)
Duration of insulin use (yrs) 2.33 (5.43), (n ¼ 298)
Hypertension duration (yrs) 2.09 (4.64), (n ¼ 298)
Diabetes duration range (yrs) 0.1e37.2

HBA1C ¼ hemoglobin A1C; SD ¼ standard deviation.
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using a method that accounted for this correlation.28 Percentile
bootstrap 95% CIs for these estimates were constructed on the
basis of 10 000 bootstrap samples.28 All statistical analyses were
performed using SAS 9.3 (SAS Inc., Cary NC).

Results

A total of 300 patients (600 eyes) completed all 3 methods of
photography, and demographic data are presented in Table 1. The
mean (� standard deviation) age at examination was 48�11 years,
201 patients (67%) were male, the mean hemoglobin A1c was
8.7% (72 mmol/mol) � 2.1, and 103 patients (34%) had insulin-
dependent diabetes. For the low disease duration (<18 months)
group (N ¼ 100), the median disease duration was 0.3 years and
the interquartile range (IQR) was 0.7 years. For the medium dis-
ease duration group (N ¼ 100), the median disease duration was
8.25 years and the IQR was 6 years. For the long (<15 years)
disease duration group (N ¼ 100), the median was 20 years and the
Figure 1. Representative photographs from each image modality. Top: Series t
Images demonstrate diabetic macular edema in the same eye with each modali
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IQR was 7. For all patients, the minimum disease duration was 0.1
years and the maximum was 37.2 years. Of the 600 eyes, 204
(34%) had DR, 54 (9%) had VTDR, and 26 (4%) had a diagnosis
of macular edema based on the images produced by dilated, 7-field
fundus photography.

Image Quality

Representative images of the photograph quality for each
modality are presented in Figure 1. Results of image quality are
summarized in Table 2. Photographs were ungradable for DR in
11 (1.8%) photographs by smartphone fundus photography, 9
(1.5%) photographs by nonmydriatic fundus photography, and
0 photographs by mydriatic fundus photography. The mydriatic
camera images had the highest quality.

Detection of Diabetic Retinopathy

The device performance in DR detection is summarized in
Table 3. The sensitivity and specificity of smartphone
photographic detection of DR compared with the mydriatic
photographs were 50% (95% CI, 43e56) and 94% (95% CI,
92e97), respectively. The kappa was 0.48 (95% CI, 0.41e0.56),
indicating moderate agreement between the smartphone and the
7-field mydriatic photographs. The sensitivity and specificity of
nonmydriatic photographic detection of any DR compared with
the mydriatic photographs were 81% (95% CI, 75e86) and 94%
(95% CI, 92e96), respectively. The kappa was 0.76 (95% CI,
0.71e0.82), indicating substantial agreement with the mydriatic
photography.

The correlation between nonmydriatic and smartphone regarding
DR diagnosis based on the 7-field mydriatic photographs had a phi
coefficient of 0.74, indicating a strong positive association. When
controlling for this correlation, the sensitivity and specificity were
aken from the same eye demonstrates no background retinopathy. Bottom:
ty.



Table 2. Photographic Quality Assessment

Smartphone Fundus Photography
(No. of Eyes, %)

Nonmydriatic Fundus Photography
(No. of Eyes, %)

Mydriatic Fundus Photography
(No. of Eyes, %)

Not gradable 11 (1.8%) 9 (1.5%) 0 (0%)
Satisfactory quality 508 (84.7%) 534 (89%) 595 (99.2%)
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51% (95% CI, 41e61) and 93% (95% CI, 89e96), respectively,
between the smartphone and the 7-field mydriatic photographs. The
sensitivity and specificity were 84% (95% CI, 76e91) and 96%
(95% CI, 93e98), respectively, between the nonmydriatic photo-
graphs and mydriatic photographs.

Detection of Vision-Threatening Diabetic
Retinopathy

The device performance for VTDR detection is summarized in
Table 3. The sensitivity and specificity of smartphone photographic
detection of VTDR compared with the mydriatic photographs were
59% (95% CI, 46e72) and 100% (95% CI, 99e100), respectively.
The kappa was calculated to be 0.71 (95% CI, 0.60e0.82),
indicating substantial agreement with the 7-field mydriatic
photography. The sensitivity and specificity of nonmydriatic
photographic detection of VTDR compared with the mydriatic
photographs were 54% (95% CI, 40e67) and 99% (95% CI,
98e100), respectively. The kappa value was calculated to be 0.64
(95% CI, 0.52e0.76), indicating substantial agreement with the 7-
field mydriatic photography.

The correlation of VTDR between the eyes was 0.92, based on
the diagnosis by 7-field mydriatic camera, indicating a strong
correlation. When controlling for this correlation, the diagnostic
sensitivity and specificity between the smartphone and the mydri-
atic photograph modalities were 56% (95% CI, 36e74) and 100%
(95% CI, 99e100), respectively. When controlling for this corre-
lation using the nonmydriatic photographs and the 7-field mydriatic
photographs, the sensitivity and specificity were 52% (95% CI,
33e71) and 98% (95% CI, 97e100), respectively.

Discussion

Much excitement surrounds the potential of this technology
as a diagnostic instrument. This study is noteworthy in the
systematic evaluation of smartphone fundus photography in
detecting and grading DR. Also, this study is the first to
compare the use of a smartphone-generated image to more
commonly used imaging modalities.
Table 3. Sensitivity, Specificity, and Kappa for Any Diabetic R

Camera Estimate Type

Diabetic Retinopa

Sensitivity
(95% CI)

Specificity
(95% CI)

Nonmydriatic Raw 81 (75e86) 94 (92e96)
Correlated 84 (76e91) 96 (93e98)

IPhone (Apple Inc.,
Cupertino, CA)

Raw 50 (43e56) 94 (92e97)

Correlated 51 (41e61) 93 (89e96)

CI ¼ confidence interval.
The 20 diopter lens-assisted smartphone photographs had
a low rate of ungradable images, and the majority of images
were at least of satisfactory quality. The kappa statistic
demonstrated “moderate” or “substantial” range of grader
agreement between devices in both groups: presence of DR
and vision-threatening DR. The smartphone was less sen-
sitive than nonmydriatic photography in detecting the
presence of any DR. However, both methods were similar
for detecting vision-threatening disease. Although both
methods showed robust specificity, teleretinal screening is
intended to serve as a tool that enables detection of disease
in patients who may not have access to ophthalmologic care.
A screening tool with low sensitivity to detect the presence
of DR will result in an underdiagnosis and ultimately missed
opportunity to prevent permanent vision loss.

A comparative smartphone fundus photographic
screening has not been previously reported for comparison.
However, the nonmydriatic photography screening results
are similar to other published data.29e34 Our report dem-
onstrates that nonmydriatic photography had a sensitivity
and specificity of 81% and 94%, respectively, for the
detection of any DR. These data are within range of the 78%
to 92% and 86% to 99%, respectively, previously estab-
lished29e33 and better than the 58% and 69%, respectively,
recently reported by Gupta et al34 in a similar population.

In this study, nonmydriatic fundus photography lost
sensitivity for the detection of VTDR compared with the
detection of any DR. We believe there are 2 reasons that
account for the disparity. First, we postulate that when the
image quality is relatively compromised, it limits detection
of subtle pathology such as fine neovascularization or
macular edema. Reduction in image quality is likely
explained by comorbidities of advanced DR, such as cata-
ract and reduced physiologic dilation. Second, the 7-field
mydriatic photography inherently captures a wider view of
the periphery with a greater chance to detect VTDR than the
nonmydriatic and smartphone methods chosen in this study.
etinopathy and Vision-Threatening Diabetic Retinopathy

thy Vision-Threatening Diabetic Retinopathy

Kappa
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Kappa
(95% CI)

0.76 (0.71e0.82) 54 (40e67) 99 (98e100) 64 (52e76)
52 (33e71) 98 (97e100)

0.48 (0.41e0.56) 59 (46e72) 100 (99e100) 71 (60e82)

56 (36e74) 100 (99e100)
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Slight variations in the technique may improve the visuali-
zation of more peripheral fundus.

Furthermore, this was a comparative clinical study per-
formed in South India, not a community screening program.
Patients were already under the care of retina expertise, and
nearly all who had VTDR had received laser photocoagula-
tion. Our data were gathered to evaluate device performance
and maximize the event rate of detecting DR. Our data also
reflect many unique qualities of this patient population. It is
possible that device performance in the community may be
different than in this study. We anticipate that factors such as
longer diabetes duration, darker irides, and older age detri-
mentally affect the image quality and device performance,
and these will be evaluated in subsequent analyses.

On the basis of these data, we conclude that smartphone
fundus photography does not yet have a role in screening for
DR at this time. However, we believe that many reasons
exist to be optimistic for the future potential of this tech-
nology. Smartphone camera technology will continue to
improve, interest will grow, and add-on optical devices may
provide simplification and standardization to the methods of
acquisition. With technical improvements, we envision that
nonophthalmic personnel could accomplish a similar tech-
nique in primary healthcare settings and send the images for
remote interpretation. In this study, a medical student
(M.E.R.) performed the photography for both the smart-
phone and nonmydriatic images and had limited training.
One particular area for improvement using this technique
will be to enable a more peripheral view of the fundus.
Third-party adapters or contact lenses, such as the Koeppe
lens, have been suggested for these purposes in prior
publications.22,26

There are compelling reasons to continue to consider the
use of smartphone technology. Smartphones are ubiquitous,
inexpensive, portable, and “connected.” These attributes
enable a substantial benefit for this technology to be used in
screening for DR, especially in low resource settings where
a trade-off in device performance in exchange for improved
cost and availability may be acceptable. Smartphones are
not Food and Drug Administrationeapproved diagnostic
devices, and we are unaware of any approval being sought
in the United States. As such, data transmission will need to
adhere to privacy regulations with encryption. Our study
demonstrates both the limitations and the feasibility of using
this technology in India, where the prevalence of diabetes
has reached epidemic proportions and substantial obstacles
to routine screening for DR exist.2
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