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Abstract

Background Diabetic retinopathy (DR) remains a leading cause of preventable blindness, with inadequate screening
rates even in urban areas with high concentrations of medical professionals. While medical guidelines recommend
annual diabetic retinopathy screening for patients with diabetes mellitus, adherence to these recommendations
remains low. This study evaluates the impact of a novel teleretinal DR screening program on screening compliance
across urban community health centers in Boston, Massachusetts.

Methods We conducted a quasi-experimental study comparing DR screening compliance between intervention and
comparison community health centers before and after implementing a teleretinal screening program. Participants
included patients diagnosed with diabetes mellitus with primary care providers at the studied sites. We defined
compliance as completion of either teleretinal screening or a documented eye care professional examination within
the previous 365 days. Monthly compliance rates were analyzed using two-way fixed effects regression and event
study techniques.

Results The study included 10,247 patients with diabetes mellitus who received care at six participating sites,
generating 222 monthly compliance rate estimates. Baseline compliance rates before implementation ranged from
25 t0 40% across sites. The two-way fixed effects regression analysis revealed that the screening program significantly
increased DR compliance rates by an average of 7.2% points (p <0.001). Event study analysis showed positive effects
across all sites, though the initial improvement tended to diminish over time.

Conclusions Implementation of a community-based teleretinal DR screening program significantly improved
compliance with annual screening guidelines in urban communities. These findings support the broader adoption of
teleretinal screening as an effective strategy for preventing DR-related vision loss in vulnerable populations. Further
research is needed to assess long-term clinical outcomes and optimize program sustainability.
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Contributions to the literature

+ Research on the use of teleretinal screening for
diabetic retinopathy (DR) is limited in urban settings
with high concentrations of medical providers.

« This study demonstrates the effectiveness of a
primary-care based teleretinal screening program
in improving compliance with DR screening
recommendations in community health centers
within one of the largest health systems in the state
of Massachusetts.

+ The modest effect size suggests persisting barriers
even in areas with high healthcare accessibility, such
as competing priorities in primary care and resource
limitations for support staff.

Background

Diabetic retinopathy (DR) is a leading cause of prevent-
able blindness among working-aged adults worldwide,
affecting approximately one third of individuals with dia-
betes mellitus (DM) [1]. The global prevalence of DR is
projected to increase dramatically in the coming years,
paralleling the rising incidence of diabetes [2]. A partic-
ularly concerning aspect of DR is its ability to progress
silently, often remaining asymptomatic even in advanced
stages, underscoring the importance of regular screening
for early detection and timely intervention.

Current guidelines from major health organizations
emphasize the need for regular retinal examinations in
patients with DM. The American Academy of Ophthal-
mology recommends annual dilated retinal examina-
tions starting five years after diagnosis for those with
type 1 diabetes, or at the time of diagnosis for those with
type 2 diabetes [3]. Similarly, the American Diabetes
Association suggests annual exams, with the possibil-
ity of extending to biennial exams for patients without
evidence of retinopathy on one or more annual screen-
ings [4]. Despite these recommendations, adherence to
screening guidelines remains low, with only about 60%
of people with diabetes receiving the minimum recom-
mended examinations [3]. This is especially concerning
given that timely treatment for DR is crucial in prevent-
ing severe vision loss [5]. The consequences of untreated
DR can be severe, ranging from neovascular glaucoma to
tractional retinal detachment and vitreous hemorrhage,
ultimately leading to substantial visual impairment.
Therefore, the development of effective screening pro-
cesses is critical for detecting patients requiring referral
to an ophthalmologist for comprehensive examination
and treatment.

Teleretinal screening has emerged as a promising solu-
tion to enhance the accessibility, efficiency, and cost-
effectiveness of DR evaluation for the growing diabetic
population [6]. In standard teleretinal screening, fundus
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photos are captured in the primary care setting and then
evaluated remotely by ophthalmologists. Patients requir-
ing further examination are subsequently referred for
comprehensive evaluation [7-10]. Various imaging
modalities, including multifield and wide-field non-myd-
riatic photography, have been utilized in the context of
teleretinal screening, each offering unique advantages in
image quality and ease of use [11-13].

While the majority of teleretinal screening studies have
focused on rural or international settings where physi-
cal distance from ophthalmic care centers is the primary
barrier to access, there is increasing recognition that sim-
ilar challenges exist in urban communities geographically
proximate to ophthalmic centers [14, 15]. In these urban
settings, patients may face other barriers such as lack of
transportation, inability to take time off work, childcare
responsibilities, or limited health literacy [16—19]. Addi-
tionally, the disproportionate ratio of specialty care pro-
viders to primary care centers often results in extended
wait times for referrals, further exacerbating compliance
issues with surveillance recommendations [16, 17, 20,
21].

These challenges are evident even in areas with rela-
tively high concentrations of medical professionals, such
as Boston, Massachusetts. Despite Massachusetts rank-
ing third highest in the United States for the ratio of prac-
ticing ophthalmologists to overall population, rates of
DR screening remain low [22]. Within the Mass General
Brigham (MGB) health care system, the largest health
care system in Massachusetts, many patients with DM do
not regularly undergo DR screening [23]. This significant
underutilization of care for DM patients in an urban area
with numerous healthcare facilities highlights the need
for innovative approaches to improve screening rates and
overall diabetic eye care.

The purpose of this study is to evaluate the effective-
ness of a novel teleretinal DR screening program in
increasing compliance with DR screening recommenda-
tions in community health centers in the Boston area.
To address this significant need for ophthalmic evalua-
tion among DM patients in the Boston area, we imple-
mented a primary care-based teleretinal DR screening
program utilizing ultrawide-field fundus imaging across
three community health centers in the MGB system.
This screening program was designed to leverage tech-
nology to overcome urban-specific barriers to care, such
as transportation issues and time constraints, thereby
improving screening rates in underserved populations.
By assessing the effectiveness of this intervention, we aim
to contribute to the growing body of evidence supporting
innovative approaches to improving diabetic eye care and
potentially inform future healthcare policies and prac-
tices in urban settings.
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Methods

Teleretinal screening program implementation

A teleretinal diabetic retinopathy (DR) screening pro-
gram was implemented across three Mass General
Brigham community health centers in the Boston area.
The program rollout was staggered, with screening begin-
ning at Site B in June 2021, followed by Site C in February
2022, and Site A in January 2023.

At each site, an UWF (Ultrawide-Field) Primary fun-
dus camera (Optos PLC, Dunfermline, Scotland) was
stationed. This clinically validated device captures 82%
of the retina in a single image without requiring mydria-
sis, allowing for efficient and effective detection of dis-
ease [24]. Additionally, non-expert imagers in primary
care clinics are able to oversee the imaging process uti-
lizing this device [25]. The imaging system was directly
integrated into the electronic medical record (EMR) to
streamline workflow and data management.

Clinic staff, including coordinators and medical assis-
tants, received comprehensive training on image cap-
ture techniques and ongoing feedback on image quality
to ensure optimal results. Training consisted of a struc-
tured 30—60 min session led by program leadership or an
Optos representative. The training covered patient data
entry, proper imaging techniques, and criteria for accept-
able image quality. Each site also received a detailed
training manual with step-by-step instructions and
example images illustrating common image quality issues
(e.g., patient blinking, improper positioning). To ensure
proficiency, sites completed one to two training sessions
before launching operations, with retraining conducted
as needed based on periodic image quality assessments.
Each site designated a “project champion” responsible for
mentoring new staff and maintaining adherence to imag-
ing protocols.

A team of comprehensive ophthalmologists and retina
specialists evaluated imaging using a standardized clini-
cal protocol and provided recommendations for follow-
up. Results were communicated to the patient’s primary
care provider, and when necessary, follow-up appoint-
ments were arranged with ophthalmologists. If an image
was ungradable, patients were asked to return for re-
imaging. When imaging quality prevented definitive
assessment of a potential concern, a referral was placed
to an ophthalmologist.

In order to integrate the teleretinal screening program
with existing community-based care, a unique workflow
for patient identification and referral was established at
each health center based on pre-existing internal work-
flows and staff availability. At Site B, primary care provid-
ers identified patients needing screening and scheduled
them for weekly dedicated screening clinics. At Sites A
and C, the providers identified patients during their regu-
lar visits and obtained images on the same day. Program
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leadership conducted regular meetings with site teams
to review progress, address challenges, and develop site-
specific improvement plans.

Study design

We conducted a retrospective analysis on screening data
from January 2020 to January 2024, encompassing the
three community health centers where the DR screen-
ing program was implemented (both before and after
implementation), and three comparison sites where the
program was not implemented, selected due to their
demographic similarity to the participating sites. The
study was approved by the Institutional Review Board
of Massachusetts General Brigham, and the need for
informed consent was waived because of the retrospec-
tive nature of the study.

Data collection and statistical analysis

All patients with a diagnosis of DM that were seen at the
included study sites as of January 1, 2020 were included
in the registry for the current study. Individual patient
encounter data, including the dates of all eye exams (or
the lack thereof), was extracted from insurance claims
and the electronic medical record. Compliance was
defined as the completion of either teleretinal screen-
ing or a documented eye care professional examination
within the previous 365 days, in accordance with estab-
lished guidelines from the American Academy of Oph-
thalmology for diabetic retinopathy surveillance [3].
This definition was selected to ensure comparability with
prior studies evaluating annual screening rates [9, 26, 27].
Patients were classified as “in compliance” if, on a given
date, they had received an eye exam within the past 365
days and designated as “not in compliance” otherwise.
We analyzed compliance rates beginning January 1, 2021
so that we had a full year of prior data to determine com-
pliance status before the first participating site imple-
mented the screening program, and followed compliance
rates through January 1, 2024. We then aggregated the
individual level data to monthly compliance rates at each
site, calculated as the proportion of patients who adhered
to annual screening guidelines, either through teleretinal
screening or a documented examination by an eye care
professional. Statistical analysis was performed using R,
version 4.4.2.

Our primary analytic approach to estimate the causal
impact of the teleretinal screening program on compli-
ance rates was a two-way fixed effects (TWFE) regres-
sion specification. In TWEFE, we regressed the monthly
compliance rate in each site on (1) indicator variables
for each site, to account for time-invariant differences
between sites, (2) indicator variables for each year-month
combination (e.g., January 2021, February 2021, etc.), to
account for common time trends across sites, and (3)
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our focal variable, an indicator variable for whether the
screening program was “active” in a given site at a given
time. Thus, the participating sites transitioned to “active”
status at some point in our study time period, while
the comparison sites never implemented the screening
program. We analyzed patient data from their initially
assigned site as of January 1, 2020. Patients were assigned
to sites based on the location of their primary care phy-
sician. Thus, we were estimating an intention-to-treat
(ITT) effect of the screening policy on the participating
sites. While some patients undoubtedly left their initial
sites for a variety of reasons, such factors did not bias our
results as long as the patterns were the same in the com-
parison sites.

To provide a causal estimate of the effects of the
screening program on compliance rates, we required
the assumption that in the absence of the screening pro-
gram, the time trends in compliance rates across partici-
pating sites would have been the same as that observed
in the comparison sites. While this assumption was not
testable, we examined the similarity of trends in the
pre-implementation period to assess its tenability. As a
sensitivity check, we conducted an event study analysis
using the approach of Callaway and Sant’/Anna to allow
for varying effects across site and across time, as the
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TWEE model only provided the average effect under the
assumption that the effects are constant [28, 29].

Results

As of January 1, 2020, a total of 10,247 patients with
a diagnosis of DM who had been seen by primary care
providers at the study sites were included in the registry,
yielding 222 monthly compliance rates across the six sites
through January 1, 2024. Figure 1 shows monthly com-
pliance rates by site, with lines color coded to represent
whether the screening program was implemented at that
time (blue) or not (red). The dashed black line shows the
“parallel trend”—the estimate of what the compliance
rates would have been in the participating sites had the
program not been implemented, derived from the TWFE
model. Initial compliance rates across all sites prior to
implementation of the screening program range from 25
to 40%, with pre-implementation trends similar for both
the intervention and comparison sites.

After introduction of the screening program, compli-
ance rates increase in the intervention sites. These results
are quantified with the TWFE model. Table 1 shows a
significant positive impact, with the screening program
causing an average increase in DR compliance rates of
approximately 7.2% points (p <0.001). Figure 2 shows the
results of the event study analysis that allows the effect
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Fig. 1 Diabetic retinopathy evaluation compliance rates by site (monthly). Sites A, B, and C are the intervention sites and Sites D, E, and F are the com-
parison sites. The dashed black line represents the “parallel trend” that would be expected in the participating sites had the screening program not been

implemented, derived from the two-way fixed effects regression model
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Table 1 Results of two-way fixed effects regression model
estimating the effect of teleretinal screening program
implementation on monthly compliance rate

oLS Cluster Robust
Predictors Estimates  std. Error Estimates  std. Error
active 7217 062 7217 1.92
Observations 222 222
R?/R?adjusted  0997/0996 0.997 /0996

Estimates derived from an ordinary least squares (OLS) regression model with
fixed effects for month, site, and an indicator variable for whether the teleretinal
screening program was operational (denoted “active” in the table). The second
model clusters the standard errors by site. The month and site fixed effects are
omitted from the table.

***¥p<0.001

of the screening program to vary over site and over time.
While the effect is positive across all sites, it appears to
fade over time after an initial spike. Notably, the parallel
trends assumption appears reasonable in the pre-imple-
mentation period, strengthening the internal validity of
these findings. The average effect from the TWFE model
is indistinguishable from the average effect from the
event study model (7.0% points, p <0.001).

In addition to compliance outcomes, image quality
was also assessed. Across all sites, 7% of images were
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ungradable, requiring either repeat imaging or referral
for further evaluation.

Discussion

The implementation of a community-based teleretinal
diabetic retinopathy (DR) program significantly improved
compliance with annual screening guidelines for DR in
underserved, urban communities. Our results demon-
strated a significant increase of 7.2% points in compliance
rates across the included sites, underscoring the poten-
tial of teleretinal screening to enhance healthcare deliv-
ery for people with diabetes. This increase is particularly
important given that non-compliance with DR screening
is a key contributor to delayed diagnosis and treatment,
increasing the risk of irreversible vision loss. Addition-
ally, studies have demonstrated that implementation of
screening programs may enhance subsequent health care
behaviors such as adherence to comprehensive dilated
eye examinations with an ophthalmologist [30, 31].

The observed 7.2% point increase in screening com-
pliance aligns with previous studies conducted in other
practice settings that similarly demonstrated increases
in DR screening compliance with teleretinal screening
implementation ranging from 10 to 25% points [9, 26, 27,
31, 32]. Our more modest increase may be attributed to

Site A

Site B Site C

154

10 4

Estimated Treatment Effect (% Points)

30 10

20 30 10

Months from 2021-01-01

1 = Screening Program Active — 0 — 1

Fig. 2 Effects of teleretinal screening program on diabetic retinopathy screening compliance at each site over time. The figure shows the estimates and
95% confidence intervals from the event study analysis. Results are derived from the Callaway and Sant’Anna estimator that allows for heterogeneous

effects by site and over time
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several factors. First, with only two years of follow-up at
Site B and one year at Site C, our study had a relatively
short observation period compared to some long-term
studies. Mansberger et al’s study, for example, showed
that the full impact of telemedicine screening became
more apparent over time, with the greatest increases
in compliance occurring after the first two years [33].
Longer-term follow-up might reveal greater increases in
compliance as workflows become more refined and both
patients and providers become more accustomed to the
program. However, it is also possible that with time the
initial surge in compliance may fade as the novelty of the
program wears off, indicating the need for sustained pro-
gram promotion and engagement, as suggested by Fig. 2.
Second, while many previous studies focused on rural
areas with limited access to eye care specialists, our pro-
gram was implemented in an urban setting. The impact
of teleretinal screening might be less dramatic in urban
areas where traditional eye care services are more readily
available, though still underutilized due to other barriers.

Despite the lower magnitude of increase compared to
some previous studies, these findings still demonstrate a
significant improvement in screening compliance. More-
over, the impact of our program may extend beyond the
direct increase in screening rates. Studies have shown
that implementation of screening programs can enhance
subsequent health care behaviors, such as adherence to
comprehensive dilated eye examinations with an oph-
thalmologist [30, 31]. This suggests that the long-term
impact of the program may be greater than what is cap-
tured by the immediate increase in screening rates alone.

The success of the implemented teleretinal screen-
ing program can be attributed to several factors. First,
by locating imaging equipment at community health
centers, the program lowered geographic and logistical
barriers to care, including transportation issues and the
need for time off work [34]. Additionally, by integrating
teleretinal screening into existing care workflows and
allowing patients to be screened during routine primary
care visits, the program reduced the need for patients
to attend a separate ophthalmology appointment or
undergo dilation of the eyes. This convenience likely con-
tributed to the increased compliance rates. Moreover, the
program allowed for rapid image acquisition and evalu-
ation, thereby minimizing delays in referral for patients
needing further care.

This integrated workflow not only streamlined care
delivery but also mirrored successful strategies used
in other healthcare systems with high DR screening
adherence. Similar policies in countries such as the
United Kingdom, Denmark, and Iceland have demon-
strated the effectiveness of nationwide screening pro-
grams in improving compliance and reducing vision loss
[35-37]. For instance, the United Kingdom’s National
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Health Service (NHS) systematically invites all individu-
als aged 12 and older for screening, achieving an overall
compliance rate of 82.8% and significantly decreasing
DR-related blindness [38]. Incorporating lessons from
these models, such as automated patient reminders and
centralized data tracking, could further strengthen our
screening program, ensuring sustained adherence and
improved patient outcomes.

Our analysis revealed some variation in the screen-
ing program’s impact across different sites, which could
be due to differences in the timing and nature of pro-
gram implementation given slight variations in program
workflow were allowed in order to accommodate prac-
tices at each individual site. The staggered implementa-
tion of the program over three years may explain some
of the observed differences in compliance rates, with
sites having a longer operational period demonstrating
higher compliance. Additionally, workflow differences
between sites, such as pre-scheduled screening at Site
B versus opportunistic screening at Sites A and C, may
have influenced the ease of integrating screening into
routine care and thus affected compliance outcomes.
These findings suggest that while the program was suc-
cessful overall, site-specific adjustments may be needed
to optimize effectiveness. Regardless, there remained a
net increase in compliance throughout follow-up after
implementation at all of the intervention sites. Due to
the design of the current study, it is possible that fac-
tors beyond the teleretinal screening program itself may
have contributed to the observed increase in compli-
ance. For example, the physical placement of the imag-
ing device and promotional efforts through posters and
educational materials may have raised awareness about
the importance of DR screening among both patients
and providers [39]. This increased awareness could have
led to more patients seeking eye care, even outside of the
teleretinal screening program. Furthermore, providers at
the community health centers may have been more vigi-
lant in recommending screening once the program was
introduced, further driving compliance. While the results
are promising, additional research is necessary to disen-
tangle the relative contributions of these external factors
from the direct effects of the teleretinal screening pro-
gram. Future studies could explore the impact of targeted
patient education or provider incentives on DR screening
compliance in conjunction with telemedicine programs.
Additionally, incorporating qualitative data from indi-
viduals with poor compliance to screening could provide
valuable insights into barriers to participation in order
to inform tailored interventions to improve screening
uptake.

The low rate of ungradable images (7%) observed in our
study supports the feasibility of using ultrawide field fun-
dus (UWF) cameras in primary care settings, particularly
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in underserved areas where trained ophthalmic person-
nel may be limited. Notably, the UWF camera used in
our study was specifically designed for use by non-expert
imagers, and our results align with prior studies, which
report ungradable image rates ranging from 2.8 to 13%
for other UWF devices [40, 41]. These findings suggest
that the level of training provided was appropriate for
maintaining adequate image quality.

Several limitations should be considered when inter-
preting these findings. First, the study was conducted
exclusively within our large, northeastern, academic
health system, which may limit generalizability to other
regions. While the overall patient population in the MGB
system is predominantly white, the demographics at our
program sites varied: Site B is predominantly White,
whereas Sites A and C serve a predominantly Hispanic
population. We made efforts to select comparison sites
with similar racial and ethnic backgrounds to these inter-
vention sites. Most patients seen through the screening
program were insured, with many enrolled in Medicare
or Accountable Care Organization (ACO) plans from
MGB. Second, while we utilized comparison sites with
similar characteristics to the intervention sites and col-
lected data both pre and post screening program imple-
mentation, a causal interpretation of our results requires
the assumption that, in the absence of the screening pro-
gram, the trends in compliance rates would have been the
same in both groups. While this assumption was untest-
able, the similarity in trends between sites in the pre-
policy period provided some evidence that it was tenable.
However, it was nonetheless possible that unobserved
factors not assessed in the current analysis, such as staff
turnover leading to the hiring of providers who were
more or less proactive in referring patients for screening,
may have influenced compliance rates in only one of the
groups. Additionally, while we attempted to use claims
data to account for patients who received care outside
of the MGB system, this method can be incomplete.
However, this limitation likely impacted both interven-
tion and comparison groups equally, and therefore was
unlikely to substantially influence these results. Finally,
while we demonstrated an increase in compliance, this
study did not assess long-term clinical outcomes such as
reductions in DR progression or vision loss, which could
be assessed through future studies.

An important consideration for future iterations of
the screening program is the impact of extended screen-
ing intervals, with some organizations recommending
intervals of up to every two years for certain populations
[4]. While extended intervals may reduce the burden on
patients by minimizing the frequency of visits, it remains
unclear whether this would positively or negatively affect
attendance rates in our model. Although extended inter-
vals could make participation more feasible for patients,
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it is possible that reduced screening opportunities might
result in lower engagement, particularly for populations
that benefit from frequent reminders or reinforcement
during routine care. Future research on the long-term
effects of extended screening intervals could help clarify
their impact on compliance and patient outcomes.

Our findings highlight the potential of telemedicine-
based DR screening programs to increase compliance
with annual screening guidelines, thereby facilitating
earlier detection of DR and reducing the risk of vision-
threatening complications. The success of this program
in an urban, underserved population suggests that similar
initiatives could have far-reaching public health benefits
if expanded to other vulnerable communities. However,
the modest 7.2% point increase in compliance also under-
scores the challenges these programs face, such as com-
peting priorities in primary care for other screenings
and health maintenance, as well as increasingly limited
resources for support staff due to financial constraints in
healthcare systems. Integrating teleretinal screening into
value-based care models may enhance cost-effectiveness
by reducing the need for more intensive, late-stage DR
treatments. Future efforts should focus on long-term fol-
low-up studies to assess the sustained impact of telereti-
nal screening programs on compliance rates and clinical
outcomes, optimizing teleretinal workflows, and address-
ing potential barriers to sustained compliance. Investigat-
ing the role of patient education, provider engagement,
and system-level incentives in maintaining high compli-
ance rates will be critical for the long-term success of
these programs.

Conclusions

Our study demonstrates the potential of telemedicine-
based DR screening programs to increase compliance
with annual screening guidelines, thereby facilitating
earlier detection of DR and reducing the risk of vision-
threatening complications. While additional research
is needed to further explore the program’s long-term
impact and cost-effectiveness, as well as optimize the
implementation across sites, these findings provide
strong support for the expansion of teleretinal screening
as a strategy for preventing vision loss due to DR in vul-
nerable populations.
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