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Purpose: We conducted a cross-sectional study to assess the utilization of a tele- 
ophthalmology screening program in a low-risk, suburban population of patients with 
diabetes.
Methods: A total of 214 diabetic patients without previously documented diabetic retino
pathy (DR) underwent point-of-care non-mydriatic fundus photography through their pri
mary care providers at five Beth Israel Lahey Health locations. The characteristics of the 
patients who received remote screening were compared with those patients who were eligible 
for screening but did not take part in the program. Time-driven activity-based costing 
(TDABC) was implemented to examine the cost of screening by tele-ophthalmology com
pared with in-person examinations.
Results: Tele-ophthalmology screening was more likely to be provided for patients who 
were younger (OR 0.985; 95% CI 0.973–0.997, p=0.016), who were obese (OR 2.04; 95% 
CI: 1.47–2.84, p=0.008), who had an HbA1c above 8.0% (OR 1.60; 95% CI: 1.13–2.26, 
p=0.031), or who had an eye examination in the past year (OR 5.55; 95% CI: 3.89–7.92, 
p<0.001). Those patients newly diagnosed with DR because of the program were more likely 
to have diabetic nephropathy (OR 7.79; 95% CI: 1.73–35.05, p=0.007). TDABC identified 
a health system cost-savings of between $8 and $29 per patient screened by tele- 
ophthalmology compared with the cost of in-person eye examinations.
Conclusion: Tele-ophthalmology presents an opportunity to reduce the costs of screening 
patients without prior evidence of DR, especially those who have completed 
a comprehensive eye examination within the prior year.
Keywords: telemedicine, tele-ophthalmology, diabetes, diabetic retinopathy, screening, non- 
mydriatic fundus photography

Introduction
More than 34 million Americans have diabetes mellitus, comprising 13% of the 
total adult US population.1 The number of adults in the US with diagnosed diabetes 
is projected to nearly triple by 2060.2 One of the most disabling complications of 
diabetes is the development of diabetic retinopathy (DR). Progressive damage to 
the retinal blood vessels caused by hyperglycemia and other diabetes-associated 
factors leads to DR.3,4 Early detection and treatment of DR is important for 
preventing vision loss.5 As such, regular eye examinations to screen for the initial 
signs of DR are recommended for all patients with diabetes,6,7 but adherence to 
these guidelines is low despite being covered by health insurance.8–14 In especially- 
vulnerable populations, rates of annual diabetic eye screening can be as low as 10% 
to 30%.15–17

Correspondence: David J Ramsey  
Department of Ophthalmology, Lahey 
Hospital & Medical Center, Beth Israel 
Lahey Health, 1 Essex Center Drive, 
Peabody, MA, 01960, USA  
Email David.J.Ramsey@lahey.org

Clinical Ophthalmology 2021:15 3865–3875                                                                  3865
© 2021 Kuo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 July 2021
Accepted: 1 September 2021
Published: 21 September 2021

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-4528-3377
http://orcid.org/0000-0002-5504-812X
mailto:David.J.Ramsey@lahey.org
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Screening for DR has been traditionally performed by 
means of dilated examination of the fundus by an ophthalmol
ogist or optometrist. More recently, organizations have been 
incentivized to obtain the equipment and expertise for remote 
screening through tele-ophthalmology services because of 
increased insurance coverage for these services, as well as 
incentives for achieving performance metrics in risk-sharing 
health insurance contracts.18–20 Remote retinal screening is 
typically performed by using non-mydriatic fundus photogra
phy (nFP) at the point-of-care, with the images sent to a trained 
reader, either an ophthalmologist or optometrist, or an auto
mated retinal image analysis system, to look for signs of 
diabetic eye disease or other ocular pathology.21–29 Because 
of its high accuracy in monitoring and screening for eye 
disease,21–24 tele-ophthalmology is now considered by the 
World Health Organization and American Academy of 
Ophthalmology to be an appropriate tool for population-wide 
DR screening.30,31 Tele-ophthalmology also presents a great 
opportunity for cost-savings when implemented in appropriate 
patient populations.27–29,32 However, 80–85% of US ophthal
mology practices do not currently provide any tele- 
ophthalmology services.33

Previous programs employing remote retinal imaging 
to screen for DR in the US have primarily focused on its 
use in underserved populations, and as a result, they have 
reported substantial rates of newly-diagnosed DR.29,34–41 

To our knowledge, there is no literature assessing the 
utilization of a tele-ophthalmology program for remote 
DR screening in a low-risk, well-insured population. In 
this study, patients with diabetes without DR were invited 
to undergo point-of-care nFP in a suburban primary care 
setting to screen for DR. The study evaluates the factors 
associated with uptake of remote screening and determines 
the characteristics of patients that are predictive of 
a positive screening outcome for newly-detected DR.

Methods
The research followed the tenets of the Declaration of Helsinki 
and was approved as a quality improvement initiative by the 
Institutional Review Board of the Lahey Hospital & Medical 
Center, Burlington, MA. Information was gathered and 
secured in compliance with the Health Insurance Portability 
and Accountability Act. The requirement for informed consent 
was waived because of the retrospective nature of the study.

Screening Protocol
Patients with diabetes mellitus without previously- 
documented DR and who were due for annual diabetic 

eye screening were offered point-of-care remote retinal 
screening by their primary care physicians (PCPs) between 
January 2019 and March 2020 across five Lahey Health 
primary care community practice sites remote to the main 
hospital. Four sites were equipped with 40-degree 
Visuscout 100 hand-held cameras (Carl Zeiss Meditec, 
Inc., Dublin, CA) and one site with a 35-degree tabletop 
Canon CR2 camera (Canon Inc., Tokyo, Japan) that was 
shared with a Lahey optometry office. All participants 
were imaged by means of nFP by medical assistants 
trained in the use of the camera systems by ophthalmology 
staff and under direct supervision of PCPs. Color fundus 
photographs, centered on the disc and macula, were 
obtained from each eye through the undilated pupil and 
sent for review to a board-certified ophthalmologist spe
cializing in retina (DJR). Images were graded for the 
presence and stage of DR on a color-calibrated liquid 
crystal display high-resolution monitor. An eye was con
sidered ungradable if the photographic quality and/or 
media opacity made it impossible to determine if DR 
lesions were present in the images. Imaging studies were 
interpreted by the ophthalmologist asynchronously, and 
the results were returned directly to the PCP. Patients 
with evidence of DR or other potentially serious eye con
ditions were referred to ophthalmology by their PCPs for 
further evaluation. By contrast, patients who were free 
from signs of DR received letters informing them of 
their screening results. They were urged to continue annual 
diabetic eye screenings and to seek in-person eye care for 
any vision-related issues.

Data Analysis
Patients who received tele-ophthalmology were compared 
with those who were eligible for, but did not receive, tele- 
ophthalmology services. We evaluated the impact of sev
eral readily-obtainable data elements on tele- 
ophthalmology uptake and screening outcomes, including 
age, sex, race, history of tobacco use, type of health 
insurance, history of nephropathy or neuropathy, systolic 
and diastolic blood pressure, hemoglobin A1c (HbA1c), 
low density lipoprotein (LDL), and body mass index 
(BMI), as well as whether HbA1c, LDL or microalbumin 
were measured in the last year. We also considered several 
sociomedical factors, including primary care and ophthal
mology appointment history, estimated household income, 
and distance to the nearest eye clinic. Mean household 
income by zip code was estimated using 2018 US 
Census Data for total income divided by the number of 
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returns for each zip code.42 Each patient’s approximate 
distance to the nearest eye clinic was computed by using 
an Excel VBA program to access Microsoft Maps which 
calculated the number of kilometers between each 
patient’s home and clinic by zip code (Microsoft Excel 
2010, version 14.0, Microsoft Corporation, Redmond, 
WA). Using these same variables, patients who were iden
tified to have evidence of DR after tele-ophthalmology 
screening were also compared with the remainder of 
patients in the tele-ophthalmology cohort.

Time-Driven Activity-Based Costing
Time-driven activity-based costing (TDABC) was based 
on employees working 40 hours per week, with five weeks 
off, for a total of 1880 hours worked over the course of 
a year. No adjustment was made for the number of work
hours or work-capacity for individual team members. An 
average salary for each individual team member, based on 
published data,43–45 was divided by this total number of 
workhours to arrive at an hourly rate. The average time 
required for an in-person diabetic examination was esti
mated to be 15 minutes (0.25 hours) based on the eye 
clinic schedule, and the time to complete remote retinal 
imaging was estimated to take approximately 12 minutes 
(0.2 hours) based on observation of workflow in primary 
care. Grading of retinal images for each patient was esti
mated to require less than one minute per eye by an 
experienced grader (0.03 hours).

Statistical Analysis
SPSS® Statistics version 27.0 (IBM Corp, Armonk, NY) 
was used to analyze data. Categorical variables are pre
sented as percentages and compared using the chi-square 
test. Data for continuous variables was recorded as mean ± 
standard deviation (SD) and compared using the Student’s 
t-test. Binary logistic regression analysis was used to 
identify demographic, clinical, and sociomedical factors 
associated with tele-ophthalmology usage. For the logistic 
regression of multiple variables, we used a generalized 
linear model to determine the association between the 
variables included in the model and tele-ophthalmology 
status. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated for each variable. All tests are 
2-sided, and we consider p-values below 0.05 as statisti
cally significant.

Results
Tele-Ophthalmology Screening
Out of a total of 1402 patients without previously- 
documented DR, 214 patients (15%) underwent DR 
screening with nFP during the period of the program. Of 
these, 206 participants (96%) were imaged by means of 
handheld Visuscout 100 cameras and eight participants 
(4%) were imaged using a Canon CR2 camera. Over the 
course of the study, 14 patients (7%) had ungradable 
photographs submitted in at least one eye. The tele- 
ophthalmology program ended March 23, 2020, coinciding 
with the outbreak of COVID-19 and the stay-at-home 
advisory ordered by the Governor of Massachusetts.46

Demographic, Biometric, and 
Socioeconomic Factors Predicting 
Remote Screening
The mean age of the tele-ophthalmology group was 62.3 ± 12.5 
years compared with 64.7 ± 13.8 years for patients who did not 
undergo remote screening (p = 0.014). A greater proportion of 
patients were male in the tele-ophthalmology group compared 
with the patients who were not screened (74% versus 63%, χ2= 
8.90, p = 0.003). Most patients in the screened and unscreened 
groups self-identified as white and non-Hispanic (91% and 
91%, respectively, χ2 = 0.0036, p = 0.951). Non-white indivi
duals were screened at a rate proportional to their representa
tion at the primary care sites (OR 1.06; 95% CI: 0.639 – 1.77, 
p = 0.812). No individual race or ethnicity was screened at 
a rate different from that expected based on its representation in 
the study population (Table 1).

HbA1c values were similar in the tele- 
ophthalmology group compared with patients who did 
not undergo remote screening (7.4% ± 1.7% versus 
7.2% ± 1.5%, p = 0.115). There was also no difference 
in the HbA1c values between patients who had a prior- 
documented diabetic eye examination compared with 
patients for whom no prior eye examination was on 
record. However, patients with HbA1c ≥ 8.0% were 
more likely to receive tele-ophthalmology (33% versus 
23%; OR 1.59; 95% CI: 1.15 – 2.21, p = 0.005). 
Patients who were screened in the tele-ophthalmology 
program were more likely to have had an HbA1c mea
surement within the last year (91% versus 83%, OR 
1.97; 95% CI: 1.20 – 3.25, p = 0.008). Those patients 
were also more likely to be obese (64% versus 54%, OR 
1.51; 95% CI: 1.12 – 2.056, p = 0.007). Other measures 

Clinical Ophthalmology 2021:15                                                                                                   https://doi.org/10.2147/OPTH.S330913                                                                                                                                                                                                                       

DovePress                                                                                                                       
3867

Dovepress                                                                                                                                                              Kuo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of metabolic and cardiovascular control showed no sta
tistical difference between the groups, including LDL 
control (<100 mg/dl), blood pressure control (<140/90 
mmHg), as well as the presence of comorbid end-organ 
damage, such as peripheral neuropathy and nephropathy 
(Table 2).

The average distance to the primary care clinic was 
similar for patients who received tele-ophthalmology 
screening and those who did not take part in the program 

(12.9 ± 16.6 versus 10.2 ± 23.9 miles, p = 0.372). 
However, distance did reduce the likelihood of having 
a recent primary care visit within the last year (OR 
0.992; 95% CI: 0.986 – 0.998, p = 0.006). Estimated 
mean household income based on each patient’s home 
zip code was also similar for patients who received tele- 
ophthalmology screening compared with those who did 
not participate in the program ($95,090 ± $37,665 versus 
$90,842 ± $34,836, p = 0.112).

Table 1 Characteristics of Patients Who Underwent Remote Screening

Characteristics All Patients  
(n=1402)

Group p-value†

Remote Screening  
(n=214)

No Remote Screening  
(n=1188)

Continuous Variables

Age (yrs.)

Mean (SD) 64.4 (13.6) 62.3 (12.5) 64.7 (13.8) 0.014
Median 65 62 65

Range 19–100 19–95 19–100

HbA1c (%)

Mean (SD) 7.3 (1.6) 7.4 (1.7) 7.2 (1.5) 0.115

Median 6.9 6.9 6.9
Range 4.0–14.0 4.2–13.5 4.0–14.0

Distance to Clinic (miles)
Mean (SD) 10.6 (22.9) 12.9 (16.6) 10.2 (23.9) 0.372

Estimated Household Income 
($ thousands)

Mean (SD) 91.5 (35.3) 95.1 (35.7) 90.8 (34.8) 0.112

Categorical Variables

Gender (%)

Male 65 74 63 0.002

Type of Diabetes (%)

Type 2 92 95 92 0.064

Race (%)

White 91 91 91 0.809

Asian 2 4 2 0.086
Black <1 <1 <1 0.365

Hispanic <1 <1 <1 0.994

Other§ 5 3 5 0.332

Insurance Type (%)

Commercial 33 38 32 0.089
Medicare 53 44 55 0.005
Medicaid 13 17 12 0.056

Notes: Significance is marked in bold (p < 0.05). †Statistical analysis was performed between the Remote Screening and No Remote Screening groups. §Includes individuals 
self-reporting more than one race.
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Interestingly, patients who underwent tele- 
ophthalmology screening were more likely to have had 
a previous diabetic eye examination in the last year (73% 
versus 53%, χ2 = 50.553, p < 0.001). This suggests that 
most patients served by the program had a comparatively 
low short-term risk for the development of new DR.

Multivariate Regression Analysis for 
Factors Associated with 
Tele-Ophthalmology Screening
Stepwise multiple regression was used to assess which of 
the identified factors above might influence tele- 
ophthalmology screening when combined into 
a multivariate model. Variables selected for the final 
model included age, obesity, HbA1c control (<8.0%), 
and completion of an eye examination within the 
last year (Table 3). Older patients were less likely to 
receive remote screening (64.7 years versus 62.3 years, 
OR 0.985; 95% CI: 0.973 – 0.997, p = 0.016). 
Conversely, patients who were obese (64% versus 54%, 

OR 2.04; 95% CI: 1.47 – 2.84, p < 0.001) or who had an 
HbA1c ≥ 8.0% (33% versus 23%, OR 1.60; 95% CI: 
1.13 – 2.26, p = 0.008) were more likely to be screened 
in the tele-ophthalmology program. However, the stron
gest predictor of remote imaging was having had an eye 
examination in the past year (73% versus 53%, OR 5.55; 
95% CI: 3.89 – 7.92, p < 0.001). Factors excluded were 
gender, race, type of diabetes, type of insurance, distance 
to the eye clinic, estimated household income, LDL 
(<100 mg/dl) and blood pressure control (<140/90 
mmHg), as well as the presence of comorbid end-organ 
damage, including peripheral neuropathy and nephropa
thy, owing to a lack of significant unique predictive 
ability in the stepwise regression.

Detection of Diabetic Retinopathy
Six patients (3%) were newly-diagnosed with more than 
mild DR as a result of remote screening using handheld, 
point-of-care cameras in the tele-ophthalmology program. 
This is similar to the rate of new DR (2.7%) recorded 

Table 3 Logistic Regression of Multiple Variables Demonstrating Odds of a Patient Receiving Remote Screening

β Standard 
Error

Wald 
χ2

p-value† Adjusted 
OR

95% CI

Lower- 
Bound

Upper- 
Bound

Diabetic Eye Examination in Last Year 1.713 0.181 89.263 <0.001 5.548 3.888 7.915

Obesity (BMI > 30) 0.714 0.169 17.819 <0.001 2.042 1.466 2.845
HbA1c ≥ 8.0% 0.469 0.178 6.961 0.008 1.598 1.128 2.265

Age −0.015 0.006 5.823 0.016 0.985 0.973 0.997

Note: †Significance is marked in bold (p < 0.05). 
Abbreviations: HbA1c, hemoglobin A1c; BMI, body mass index.

Table 2 Individual Biometric and Sociomedical Factors Associated with Remote Screening

Variable Remote Screening (n = 214) No Remote Screening (n = 1188) p-value†

Primary Care Office Visit in Last Year 100% 66% <0.001
Diabetic Eye Exam in Last Year 73% 53% <0.001
HbA1c Measured in Last Year 91% 83% <0.001
HbA1c < 8.0% 67% 77% 0.005
BP <140/90 mmHg 81% 75% 0.086

LDL <100 mg/dL 65% 66% 0.703

Obesity (BMI > 30) 64% 54% 0.007
Diabetic Nephropathy 7% 10% 0.220

Peripheral Neuropathy 36% 33% 0.415
Microalbumin Screening in Last Year 83% 79% 0.272

Note: †Statistical analysis was performed using χ2 test with significance marked in bold (p < 0.05). 
Abbreviations: HbA1c, hemoglobin A1c; BP, blood pressure; LDL, low-density lipoprotein level; BMI, body mass index.
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during the study period among patients on the registry 
maintained by our health system (χ2 = 0.072, p = 0.789). 
Each of these patients were found to have dot and blot 
hemorrhages in one or both eyes. Follow-up eye examina
tion data was available for five out of the six patients 
(83%), which identified moderate non-proliferative dia
betic retinopathy (NPDR) in four patients and non-high 
risk proliferative DR in the fifth. Despite repeated attempts 
to recall over a six-month period, the sixth patient failed to 
show up for multiple scheduled appointments.

Of the remaining 195 patients who screened negative 
for DR in the tele-ophthalmology program, 44 patients 
(23%) had routine in-person, follow-up eye examinations 
negative for DR completed in the year subsequent to their 
tele-ophthalmology screening; all but one of those exam
inations occurred before the outbreak of COVID-19.47 Of 
the 14 patients who had screening photographs that were 
deemed to be of limited quality or ungradable, seven 
returned for recommended in-person evaluation (50%). 
Three of these seven patients who returned for 
a comprehensive eye examination after having poor- 
quality images were found to have DR (43%). Although 
the outcomes of eye examinations, if any, for the addi
tional seven patients with poor quality images remains 
unknown because they did not return for eye care within 
our health system, the rate of DR in this cohort exceeds the 
rate in the successfully-screened population even if all 
these additional patients were also free of DR (χ2 = 
11.10, p < 0.001). It therefore appears that having images 
that are of poor or ungradable quality is a potential risk 
factor for having undiagnosed DR.

Of note, the average HbA1c level for patients identified 
with DR was above their goal (HbA1c < 8.0), but this 
difference did not reach statistical significance when com
pared with those patients who screened negative for new DR 
(8.1% versus 7.4%, p = 0.270). At these same sites, the 

HbA1c level was higher for the population of patients with 
known DR, compared with those patients without a history 
of diagnosed DR (7.7% versus 7.2%, p = 0.003). Those 
patients newly diagnosed with DR because of the program 
were also more likely to have diabetic nephropathy (33% 
versus 6%, OR 7.79; 95% CI: 1.73 – 35.05, p = 0.007). This 
too mirrored the prevalence of diagnosed nephropathy for 
the population of patients with known DR, compared with 
those without a history of diagnosed retinopathy (OR 3.29; 
95% CI: 2.03 – 5.20, p < 0.001). No other biometric or 
sociomedical factors were significantly associated with 
newly diagnosed DR.

Cost Analysis
Using TDABC, we determined that the estimated cost of 
an in-person dilated eye examination is approximately 
$17.64 when performed by an optometrist ($71/hr) and 
$41.53 when performed by an ophthalmologist ($166/ 
hr). By contrast, acquiring images remotely through our 
tele-ophthalmology program incurs a cost of $3.40 for 
the labor of the medical assistant and $4.98 for 
a physician to grade a pair of images for a total cost 
of $8.38 per screening. An additional cost would also be 
incurred when taking into account those patients who 
either screen positive by teleophthalmology (3%) or 
have uninterpretable images (7%). This would require 
them to follow-up for in-person eye examinations at an 
estimated cost of between $1.68 and $3.95 per patient 
screened depending on whether an optometrist or 
ophthalmologist performed the in-person examination. 
This yields a cost-savings of between $7.58 and 
$29.20 per patient screened by tele-ophthalmology com
pared with all patients completing a dilated retinal 
examination performed by an optometrist or an ophthal
mologist, respectively (Table 4).

Table 4 Time-Driven Activity-Based Costing of the Estimated Cost of Implementing Remote Diabetic Retinopathy Screening 
According to the Personnel Involved

Required 
Personnel

Annual 
Salary 

($)

Hours 
Worked

Wage ($) 
Cost/ 
Hour

Time Required to 
Complete (Hours)

TDABC/ 
Examination 

($)

In-person Eye Examination Ophthalmologist 299k 1800 166 0.25 41.53

In-person Eye Examination Optometrist 127k 1800 71 0.25 17.64
Remote Screening Examination Medical Assistant N/A 1800 17 0.20 3.40

Image Grading Ophthalmologist 299k 1800 166 0.03 4.98

Abbreviation: TDABC, time-driven activity-based costing.
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Discussion
This study examined the use of tele-ophthalmology as 
a screening tool for DR in a low-risk, well-insured suburban 
population. Several factors were identified as predictive of 
program participation, including younger age, poorer control 
of diabetes (HbA1c ≥ 8.0%), obesity, and having had an eye 
examination within the last year. Previous studies have 
demonstrated that older patients with poorer diabetes control, 
as reflected by higher HbA1c levels, were more likely to seek 
ophthalmology services for a yearly eye examination.48,49 

Older patients may be more likely to need in-person eye 
examinations because of other comorbid age-related eye 
conditions.50 Our study found that younger patients had 
higher rates of participation in tele-ophthalmology. 
A contributing factor may be an unconscious selection bias 
by providers, with younger patients being easier to image 
given a lack of media opacities and larger baseline pupil 
size.51 Younger patients may also be more inclined to incor
porate telemedicine tools as part of their care.52

One of the most striking findings in our study was that 
patients who had an eye examination within the last year 
were more likely to be selected for remote diabetic eye 
disease screening. The rate of diabetic eye screening in our 
study population is similar to that reported in studies of other 
high-resource settings.11,38 One can speculate that patients 
who had had recent eye examinations were more knowl
edgeable about the importance of maintaining eye health and 
therefore more willing to have their eyes imaged. Providers 
may have also been more willing to pilot tele- 
ophthalmology screening among lower-risk patients who 
had completed a recent comprehensive eye examination.

Previous reports evaluating screening programs for DR 
by means of remote retinal imaging in the US have pri
marily reported on their use in underserved and as yet 
unscreened populations. As a result, they found signifi
cantly higher rates of newly-diagnosed DR, compared with 
the rate in our study.29,35–41 For example, Jani et al37 found 
that 20.3% of screened patients had evidence of DR, but 
those patients lived in rural areas, were mostly non-white, 
and had not had recent eye examinations. Similarly, 
Owsley et al36 found that 21.7% of patients screened 
positive for DR in a largely uninsured, underserved min
ority population. Our primary care network serves 
a largely white, well-insured suburban population with 
ready access to high-quality health care. As discussed 
above, one of the strengths of our study is that eye exam
ination results were available in the year preceding tele- 

ophthalmology screening for the majority of patients in 
our study. This may have selected patients who had 
a relatively lower risk of undiagnosed DR. However, the 
rate of detected DR in our study population (3%) is similar 
to the expected yearly incidence of DR among patients 
with diabetes in the US (3.6%).53 Importantly, none of the 
patients for whom we have subsequent in-person eye 
examination data were found to have DR that had been 
missed by eye screening photographs.

The most widely applied standard of care for screening 
for DR is a dilated examination of the fundus. When 
compared with the detection of DR obtained through ima
ging with seven standard Early Treatment Diabetic 
Retinopathy Study (ETDRS) fields, a meta-analysis 
found that the pooled sensitivity of tele-ophthalmology 
was around 70% and specificity was around 90% for 
most types of DR.22 A recent study comparing tele- 
ophthalmology using widefield nFP with dilated fundus 
examinations also found high concordance between the 
two, with 97.3% agreement (κ= 0.96) and 100% agree
ment within one step in DR severity.23 The handheld 
Visuscout camera used to screen the majority of patients 
in our study has a reported sensitivity of 88.7% to 92.5% 
and a specificity ranging from 94.9% to 96.4%.24 Because 
of its high specificity, remote fundus photography is 
a particularly attractive method to reduce the cost of 
screening patients who are expected to have low rates of 
DR such as those who have completed a recent healthy eye 
examination. Even with extended intervals between in- 
person appointments, such lower-risk patients have been 
shown to be adherent to subsequent screening visits, with 
infrequent progression to DR.54–56

The projected cost-savings yielded by our tele- 
ophthalmology program in our not-for-profit, integrated 
suburban health system is similar to projections made by 
other studies that have analyzed remote diabetic retinal 
screening programs in largely underserved populations. 
One such study found a cost-savings of 23.3% for diabetic 
eye screening conducted by automated widefield nFP pro
vided in the primary care setting as compared with stan
dard dilated retinal examinations.29 However, our model 
does not consider the additional costs of acquiring the 
necessary training and equipment (i.e. fundus camera) for 
teleophthalmology or its maintenance. Conversely, we do 
not account for the significant cost-savings that accrue by 
preventing disease progression and any associated 
treatments.32
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The association between newly-detected DR and the 
presence of diabetic nephropathy in our study comes as no 
surprise. These two complications are well known to occur 
together, though there is conflicting evidence about which 
complication precedes the other.57 Nevertheless, our 
results illustrate the importance of surveilling for DR in 
patients with other complications caused by diabetes. 
Another interesting finding was the observation that 
patients who had poor quality or ungradable images were 
more likely to be diagnosed with DR. Diabetes is 
a chronic, degenerative condition and may progressively 
impact the ocular media or cause pupillary sympathetic 
denervation, either of which might account for this 
association.

Limitations
The limitations of the present study include its retrospec
tive nature and the small sample size derived from 
a network of outpatient clinics from a single health sys
tem. Although providers were asked to refer all eligible 
patients requiring a diabetic eye examination for tele- 
ophthalmology screening, actual referrals were dependent 
on individual clinical judgment and follow-through. The 
data available to us is not sufficient to determine which 
patients were offered tele-ophthalmology or to identify 
the reasons why some patients may have declined screen
ing. Additionally, we did not control for other comorbid 
eye diseases that could have influenced patient selection 
for tele-ophthalmology screening. Whether these were 
patient- or provider-driven factors cannot be determined 
by a retrospective review of a clinical program. Our 
EMR-based program review also misses outcomes from 
eye care visits that occur outside of our health system. 
Our study is further limited by the fact that our analysis 
evaluates the performance of the new screening program 
over a relatively short period and is unable to directly 
compare the effectiveness of remote DR screening com
pared with in-person examinations for all patients. 
Another important factor contributing to the relatively 
low number of patients imaged by tele-ophthalmology 
was staff availability. This was cited by practice man
agers and medical assistants as the most common reason 
why more patients were not able to be imaged. Finally, 
our study does not consider other long-term benefits of 
remote diabetic retinal screening such as earlier identifi
cation of patients at risk of severe vision loss,28,30 the 
potential for increased access to point-of-care testing to 
enhance patient satisfaction,58 or satisfy Healthcare 

Effectiveness Data and Information Set (HEDIS) mea
sures necessary for achieving health system quality 
scores.19

Conclusion
Our study carried out in a suburban, well-insured popula
tion of patients found that remote retinal screening most 
commonly served patients who were at greater risk of not 
following through with traditional referrals for eye exam
inations, such as those who are younger, obese, and had 
poorer metabolic control.8 At the same time, tele- 
ophthalmology was more commonly utilized to screen 
patients at lower-risk of having new DR by virtue of 
having had a recent eye examination without evidence 
of DR. This represents a potentially more cost-effective 
and efficient way of screening patients when compared 
with traditional dilated examinations of the fundus per
formed by ophthalmologists or optometrists. As the 
demand for eye care continues to outstrip availability, 
tele-ophthalmology offers a promising alternative for 
delivering high-quality, accessible care in a cost- 
conscious way.
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