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Background: Early detection of ophthalmic conditions such as diabetic retinopathy (DR) and glaucoma is crucial to preventing vision 
loss. Previous studies have evaluated teleretinal screening programs for DR in well-insured populations. The purpose of this retro
spective study was to evaluate a teleretinal screening program in a population of uninsured and underinsured patients seen in 
a Federally Qualified Health Center (FQHC).
Methods: We conducted a retrospective chart review of patients (age ≥18) who underwent teleretinal imaging (TRI) at a FQHC 
between January 2015 and September 2019. TRI gradings and patient demographic and clinical information were abstracted. Factors 
associated with referral for a dilated eye exam by an ophthalmologist, adherence to recommended follow-up dilated eye exam, and 
ophthalmology visit attendance were examined.
Results: 3130 TRIs were graded in 2216 eyes (1107 patients). 65.2% (N = 722) self-identified as Hispanic and 56.3% (N = 623) 
required interpreter services. Follow-up dilated fundus examination (DFE) was recommended for 388 TRIs, 49% (N = 190) of which 
were completed within 1 year. Adherence to the recommended ophthalmology exam was not associated with any baseline clinical or 
demographic characteristics (p > 0.05). Older age, male sex, hypertension, proteinuria, and higher A1c were significantly associated 
with greater odds of ophthalmology referral based on TRI (all p < 0.05), after adjusting for covariates. Less severe diabetic retinopathy, 
no insurance coverage, and Hispanic ethnicity were associated with lower odds of attending an ophthalmology visit, regardless of 
follow-up recommendations based on TRI (all p < 0.05).
Conclusion: In an FQHC serving predominantly uninsured and underinsured patients, only 49% of recommended DFE were 
completed within one year. Less severe diabetic retinopathy, lack of insurance coverage, and Hispanic ethnicity were associated 
with a lower likelihood of having a DFE regardless of recommendation. These results suggest that greater system-level efforts are 
needed to increase adherence to follow-up eye exams after TRI to ensure sight-saving care for underserved populations.
Keywords: teleretinal screening, teleophthalmology, uninsured, underinsured, adherence, ophthalmology referral

Introduction
Diabetic retinopathy (DR) and glaucoma are leading causes of blindness worldwide.1 Early detection and timely referral 
to an ophthalmologist are imperative to the prevention of vision loss. However, only about 60% of patients with diabetes 
in the United States receive dilated eye examinations annually.2 Likewise, it has been estimated that 78% of individuals 
with glaucoma remain undiagnosed and untreated.3

Telemedicine approaches combining retinal imaging and remote image interpretation, also known as teleretinal 
imaging (TRI), have been proposed as a strategy to improve screening.4 Countries such as Singapore and the United 
Kingdom have demonstrated successful nationwide DR screening programs using telemedicine.5,6 In the United States, 

Clinical Ophthalmology 2022:16 3019–3031                                                                  3019
© 2022 Song 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: 1 July 2022
Accepted: 29 August 2022
Published: 12 September 2022

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/0000-0001-8451-054X
http://orcid.org/0000-0001-7196-442X
http://orcid.org/0000-0001-8213-7796
http://orcid.org/0000-0002-2817-6417
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


teleretinal screening programs have been implemented in selected populations, including patients in the Veterans Affairs 
system, rural areas, and urban safety-net clinics.7–13 If clinically important pathology is identified on TRI, referral to an 
ophthalmologist for dilated eye examination and management is crucial. While factors for ophthalmology referral have 
been explored in a regional telemedicine program serving primarily rural patients,9 it is not clear whether these factors 
generalize to other settings.

Federally Qualified Health Centers (FQHC) are funded by the United States federal government under Section 330 of 
the US Public Health Service Act to provide medical care in medically underserved areas and to medically underserved 
populations.14 Nearly 23 million patients and one out of seven Medicaid enrollees receive primary care services at 
FQHCs; nearly 75% of the FQHC patient population are uninsured or insured with Medicaid.15,16 In 2014, more than 1 in 
4 people living in poverty were seen by FQHCs.17 FQHCs form the backbone of the medical safety net in the United 
States and are important providers of preventive health care to underserved populations. Nevertheless, teleretinal 
screening programs in FQHCs are underexplored in the literature.

The purpose of this study was to evaluate a teleretinal screening program implemented in a FQHC located in North 
Carolina. By collecting patient demographic and clinical characteristics, we examined factors associated with referral to 
an ophthalmologist for dilated fundus examination (DFE) based on findings from teleretinal imaging, patient adherence 
to recommended DFE within one year, and completion of DFE regardless of referral recommendation.

Patients and Methods
The Institutional Review Board at Duke University approved this study with a waiver of written informed consent due to 
the retrospective nature of the study. Patient data were anonymized to ensure patient privacy. This study was conducted in 
accordance with the Declaration of Helsinki.

All patients age 18 and older with diabetes mellitus who presented to Lincoln Community Health Center between 
January 1, 2015, and September 4, 2019, as part of an ongoing teleretinal screening program were included in this 
retrospective study. Lincoln Community Health Center is an FQHC located in Durham, North Carolina, that provides 
primary and preventive health care to the medically underserved. TRIs were obtained using a nonmydriatic fundus 
camera (Canon CR-2 AF; Tokyo, Japan). Multiple TRIs were acquired for some patients given the longitudinal nature of 
the screening program. Images were manually graded for suspicion of diabetic retinopathy, glaucoma, age-related 
macular degeneration, retinal vein occlusions, and other retinal pathology by a glaucoma specialist. Based on the 
grading, patients were recommended to repeat TRI in one year or referred to an ophthalmologist for DFE. A sample 
TRI grading and recommendation form is provided in Supplementary Materials. TRI gradings, patient demographics, 
relevant medical history, laboratory data, and information from subsequent ophthalmology visits were abstracted from 
electronic health records (EHR). Medical history was determined from ICD-9/10 codes. Regarding insurance coverage, 
the primary coverage information in the EHR was collected, including coverage by Project Access, a community support 
program that connects Durham residents without health insurance to specialty healthcare resources.

Statistical Analysis
Baseline descriptive statistics were performed on clinical and demographic data. Bivariate analyses with generalized 
estimating equations were performed to evaluate the association of demographic and clinical characteristics with three 
different outcomes 1) recommendation of a follow-up DFE by ophthalmology within one year vs repeat teleretinal 
imaging; 2) actual follow-up DFE by ophthalmology vs no DFE within one year; 3) adherence to follow-up recom
mendation for DFE within one year. The non-adherent group was comprised of patients who did not attend 
a recommended DFE within one year, and the adherent group was comprised of patients who completed a DFE within 
one year if recommended. Variables with a p-value of <0.05 were entered into separate multivariable models to 
determine which factors were independently associated with each outcome. A p-value <0.05 was set as the a priori 
alpha level.

In addition, the agreement between TRI gradings and DFE findings was determined for glaucoma and diabetic 
retinopathy if DFE was completed, and Kappa statistics were estimated.
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Results
This study included 3130 TRIs that were captured and graded for 2214 eyes of 1107 patients. Among the graded TRIs, 
3118 were provided a follow-up recommendation, and the recommendation was missing from 12 grading forms. 
Interpreter services were required for 56.3% (N = 623) of patients; 65.2% (N = 722) self-identified as Hispanic ethnicity. 
Patient baseline characteristics are shown in Table 1.

A recommended follow-up for dilated fundus examination was made in 388 of the TRIs (12.4% of TRIs). In bivariate 
analyses, older age and medical comorbidities, including diabetic nephropathy, diabetic neuropathy, hypertension, protei
nuria, GFR <60, and higher HbA1c, were associated with higher odds of referral to ophthalmology for DFE based on TRI (all 
p < 0.05; Table 2). On the other hand, female sex (OR, 0.75; p = 0.001), Hispanic ethnicity (OR, 0.79; p = 0.009), and need 
for interpreter services (OR, 0.81; p = 0.017) were factors associated with a lower likelihood of receiving a recommendation 
for DFE with ophthalmology. In the multivariable model, older age, male sex, hypertension, proteinuria, and higher HbA1c 

Table 1 Baseline Study Patient Characteristics 
(N = 1107 Patients)

Age (years)

Mean (standard deviation) 47.4 (9.1)

Median (range) 48 (20, 67)

Sex, N (%) 1107

Female 599 (54.1)

Male 508 (45.9)

Race/ethnicity, N (%) 1052

Non-Hispanic White 41 (3.9)

All other 1011 (96.1)

Ethnicity, N (%) 1107

Non-Hispanic 385 (34.8)

Hispanic 722 (65.2)

Primary coverage, N (%) 1107

None 696 (62.9)

Project access 144 (13.0)

Medicaid 69 (6.2)

Medicare 24 (2.2)

Commercial 125 (11.3)

Medicare advantage 47 (4.2)

Correctional 1 (0.1)

Military 1 (0.1)

Needs interpreter, N (%) 1107

Yes 623 (56.3)

No 484 (43.7)

(Continued)
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levels remained significantly associated with higher odds of ophthalmology referral (all p < 0.05), after adjusting for 
ethnicity, need for interpreter services, diabetic nephropathy, diabetic neuropathy, and GFR (Table 3).

A total of 396 follow-up visits with ophthalmology occurred during the study period, regardless of follow-up 
recommendations after TRI. In bivariate analyses, diagnosis of moderate-to-severe non-proliferative diabetic retinopathy 
(NPDR) or proliferative diabetic retinopathy (PDR) based on TRI, history of diabetic nephropathy, diabetic neuropathy, 
or hypertension, and older age were associated with greater odds of attending an ophthalmology visit (all p < 0.05, 
Table 4). Hispanic ethnicity, lack of insurance coverage, and need for interpreter services were associated with lower 
odds of attending an ophthalmology visit (all p < 0.05, Table 4). In the multivariable model, diagnosis of moderate-to- 
severe NPDR or PDR based on TRI was associated with greater odds of attending an ophthalmology visit (aOR, 3.69; 
p < 0.0001, compared with no diagnosis of DR/diagnosis of mild NPDR), no insurance coverage (aOR, 0.74; p = 0.016, 
compared with insurance coverage), and Hispanic ethnicity (aOR, 0.75; p = 0.015, compared with non-Hispanic 
ethnicity) were associated with lower odds of attending an ophthalmology visit, after adjusting for need for interpreter 
services, age, and history of diabetic nephropathy, diabetic neuropathy, hypertension, or proteinuria (Table 5).

Recommendation for a DFE based on TRI was associated with a significantly higher likelihood of completing 
a follow-up DFE within 1 year of TRI (OR 3.77; 95% CI 2.99, 4.75, p < 0.0001). Follow-up DFE was recommended for 
388 TRI visits, 49% (N = 190) of which were completed within 1 year. Twelve percent (N = 46) were completed after 
1 year, 9% (N = 36) were not completed but returned for TRI, 28% (N = 108) were lost to follow-up completely, and 2% 

Table 1 (Continued). 

Hemoglobin A1c

Mean (standard deviation) 8.7 (2.5)

Median (range) 7.9 (4, 15.2)

Glomerular filtration rate, N (%) 1069

Abnormal (<60) 49 (4.6)

Normal (≥60) 1020 (95.4)

Diabetes mellitus, N (%) 1107

Yes 1094 (98.8)

No 13 (1.2)

Hypertension, N (%) 1107

Yes 513 (46.3)

No 594 (53.7)

Diabetic nephropathy, N (%) 1107

Yes 109 (9.8)

No 998 (90.2)

Diabetic neuropathy, N (%) 1107

Yes 45 (4.1)

No 1062 (95.9)

Proteinuria, N (%) 944

Yes 262 (27.8)

No 682 (72.2)
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Table 2 Bivariate Analysis of Factors Associated with Ophthalmology Referral Following Teleretinal Imaging (N = 3118)

Characteristic Teleretinal Imaging  
N (%) 2730 (87.6)

Dilated Fundus Exam  
N (%) 388 (12.4)

Odds Ratio  
(95% Confidence Interval)

P-value

Sex 2730 388

Female 1548 (56.7) 172 (44.3) 0.75 (0.63, 0.89) 0.001a

Male 1182 (43.3) 216 (55.7) –

Race 2580 368

Non-White or Hispanic 2490 (96.5) 350 (95.1) 0.83 (0.54, 1.27) 0.401

Non-Hispanic White 90 (3.5) 18 (4.9) –

Ethnicity 2730 388 0.009a

Hispanic 1896 (69.5) 226 (58.2) 0.79 (0.66, 0.94)

Non-Hispanic 834 (30.5) 162 (41.8) –

Needs interpreter 2730 388

Yes 1664 (61.0) 196 (50.5) 0.81 (0.68, 0.96) 0.017a

No 1066 (39.0) 192 (49.5) –

Primary coverage 2730 388

None 1768 (64.8) 232 (59.8) 0.89 (0.72, 1.09) 0.253

Project access 380 (13.9) 58 (14.9) 1.02 (0.76, 1.36) 0.904

Insurance 582 (21.3) 98 (25.3) –

Diabetes mellitus 2730 388

Yes 2706 (99.1) 382 (98.5) 0.83 (0.46, 1.48) 0.531

No 24 (0.9) 6 (1.5)

Diabetic nephropathy 2730 388

Yes 240 (8.8) 70 (18.0) 1.57 (1.22, 2.03) 0.001a

No 2490 (91.2) 318 (82.0) –

Diabetic neuropathy 2730 388

Yes 96 (3.5) 24 (6.2) 1.47 (1.01, 2.16) 0.045a

No 2634 (96.5) 364 (93.8) –

Hypertension 2730 388

Yes 1190 (43.6) 228 (58.8) 1.45 (1.23, 1.70) <0.001a

No 1540 (56.4) 160 (41.2) –

Proteinuria 2316 336

Yes 578 (25.0) 128 (38.1) 1.32 (1.10, 1.57) 0.002a

No 1738 (75.0) 208 (61.9) –

Glomerular filtration rate 2642 376

(Continued)
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(N = 8) of patients did not return because they were deceased. Also, a minority of TRIs that were recommended for 
a repeat TRI underwent a DFE with ophthalmology within 1 year (N=202/2730, 7.40%). All TRI encounters where 
patients were diagnosed with moderate-to-severe non-proliferative diabetic retinopathy or proliferative diabetic retino
pathy were referred for follow-up DFE with ophthalmology (N = 83), but only 59% of those referrals resulted in 
a follow-up DFE (N = 49). Adherence to a recommended follow-up with ophthalmology for DFE was not significantly 
associated with any of the baseline patient clinical or demographic characteristics (all p > 0.05). Approximately half of 
the follow-up ophthalmology exams were completed at the FQHC (N=196/396), and the remaining were completed at 
one of the three local ophthalmology referral centers.

There was excellent agreement between the TRI gradings and DFE diagnoses among patients who underwent 
subsequent ophthalmology DFE: 92.2% agreement (Kappa 0.82, p < 0.0001) for presence or absence of diabetic 
retinopathy and 88.4% agreement (Kappa 0.24, p < 0.0001) for glaucoma gradings (ie, glaucoma vs glaucoma suspect 

Table 2 (Continued). 

Characteristic Teleretinal Imaging  
N (%) 2730 (87.6)

Dilated Fundus Exam  
N (%) 388 (12.4)

Odds Ratio  
(95% Confidence Interval)

P-value

Abnormal (<60 mL/min/1.73m2) 90 (3.4) 38 (10.1) 1.62 (1.19, 2.21) 0.002a

Normal (≥60 mL/min/1.73m2) 2552 (96.6) 338 (89.9) –

Mean (Standard 
Deviation)

Mean (Standard 
Deviation)

Odds Ratio (95% Confidence 
Interval)

P-value

Age (years) 47.0 (9.0) 49.8 (8.2) 1.02 (1.01, 1.03) <0.0001a

Hemoglobin 13.5 (1.77) 13.4 (1.82) 0.98 (0.94, 1.03) 0.511

Hemoglobin A1c 8.51 (2.35) 9.42 (2.61) 1.05 (1.02, 1.09) 0.002a

Hematocrit 40.7 (4.6) 40.3 (4.7) 0.99 (0.97, 1.01) 0.29

Note: aP < 0.05.

Table 3 Multivariable Analysis of Factors Associated with Ophthalmology 
Referral Following Teleretinal Imaging

Characteristic Adjusted Odds Ratio  
(95% Confidence Interval)

P-value

Female sex 0.75 (0.61, 0.92) 0.005a

Age (years) 1.01 (1,91, 1.03) 0.017a

Hispanic ethnicity 0.91 (0.72, 1.13) 0.39

Needs interpreter 1.05 (0.96, 1.15) 0.28

Hemoglobin A1c 1.06 (1.02, 1.10) 0.005a

Diabetic nephropathy 1.18 (0.88, 1.60) 0.272

Diabetic neuropathy 1.32 (0.86, 2.02) 0.206

Hypertension 1.32 (1.07, 1.62) 0.009a

Proteinuria 1.26 (1.03, 1.54) 0.027a

Glomerular filtration rate Abnormal 
(<60 mL/min/1.73m2)

1.21 (0.84, 1.77) 0.309

Note: aP-value < 0.05.
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Table 4 Bivariate Analysis of Factors Associated with Dilated Fundus Examination by Ophthalmology Within 1 Year of Teleretinal 
Imaging

Characteristic Did Not Attend an Ophthalmology 
Visit N (%) 2734 (87.3)

Attended an Ophthalmology 
Visit N (%) 396 (12.7)

Odds Ratio (95% 
Confidence Interval)

P-value

Sex 2734 396

Female 1502 (54.9) 220 (55.6) 1.01 (0.85, 1.19) 0.92

Male 1232 (45.1) 176 (44.4) –

Race 2582 378

Non-White 2386 (92.4) 352 (93.1) 1.04 (0.73, 1.47) 0.837

Non-Hispanic 

White

196 (7.6) 26 (6.9) –

Ethnicity 2734 396

Hispanic 1914 (70.0) 212 (53.5) 0.70 (0.59, 0.83) <0.0001a

Non-Hispanic 820 (30.0) 184 (46.5) –

Needs interpreter 2734 396

Yes 1668 (61.0) 196 (49.5) 0.81 (0.68, 0.95) 0.012a

No 1066 (39.9) 200 (50.5) –

Primary coverage 2734 396

No insurance 1818 (66.5) 188 (47.5) 0.67 (0.55, 0.81) <0.0001a

Project access 360 (13.2) 78 (19.7) 1.06 (0.82, 1.39) 0.633

Insurance 556 (20.3) 130 (32.8) –

Diabetic retinopathy 2646 363

Moderate-to-severe 

NPDR or PDR

34 (1.4) 49 (13.2) 3.48 (2.38, 5.09) 0.0001a

Mild or no NPDR 2612 (98.6) 314 (86.8) –

Diabetes mellitus 2734 396

Yes 2710 (99.1) 390 (98.5) 0.82 (0.45, 1.50) 0.525

No 24 (0.9) 6 (1.5) –

Diabetic nephropathy 2734 396

Yes 250 (9.1) 62 (15.6) 1.37 (1.06, 1.78) 0.016a

No 2484 (90.9) 334 (84.3) –

Diabetic neuropathy 2734 396

Yes 92 (3.4) 28 (7.1) 1.58 (1.09, 2.27) 0.015a

No 2642 (96.6) 368 (92.9) –

Hypertension 2734 396

Yes 1206 (44.1) 218 (55.2) 1.24 (1.06, 1.47) 0.010a

No 1528 (55.9) 178 (81.3) –

(Continued)
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Table 4 (Continued). 

Characteristic Did Not Attend an Ophthalmology 
Visit N (%) 2734 (87.3)

Attended an Ophthalmology 
Visit N (%) 396 (12.7)

Odds Ratio (95% 
Confidence Interval)

P-value

Proteinuria 2310 352

Yes 596 (25.8) 114 (32.4) 1.14 (0.93, 1.38) 0.202

No 1714 (74.2) 238 (67.6) –

Glomerular filtration 

rate

2644 386

Abormal (<60 mL/ 

min/1.73m2)

102 (3.86) 28 (7.25) 1.32 (0.90, 1.95) 0.157

Normal (≥60 mL/min/ 

1.73m2)

2542 (96.1) 358 (92.7) –

Mean (standard Deviation) Mean (standard Deviation) Odds Ratio (95% 
Confidence Interval)

P-value

Age (years) 47.0 (8.9) 49.7 (8.9) 1.02 (1.01, 1.03) <0.0001a

Hemoglobin 13.5 (1.81), N = 1800 13.2 (1.62), N = 308 0.97 (0.92, 1.02) 0.190

Hemoglobin A1c 8.59 (2.38), N = 2631 8.82 (2.46), N = 384 1.01 (0.97, 1.04) 0.697

Hematocrit 40.8 (4.7), N = 1834 39.7 (4.4), N = 312 0.98 (0.96, 1.01) 0.063

Note: aP-value < 0.05.

Table 5 Multivariable Analysis of Factors Associated with Ophthalmology Visit 
Attendance, Regardless of Follow-Up Recommendation Based on Teleretinal Imaging

Characteristic Adjusted Odds Ratio  
(95% Confidence Interval)

P-value

Primary coverage

No coverage vs insurance 0.74 (0.59, 0.95) 0.016a

Project access vs insurance 1.25 (0.93, 1.69) 0.144

Hispanic 0.75 (0.59, 0.95) 0.015a

Interpreter 1.05 (0.99, 1.12) 0.074

Age 1.01 (0.99, 1.02) 0.101

Diabetic nephropathy 1.27 (0.94, 1.71) 0.119

Diabetic neuropathy 1.25 (0.83, 1.88) 0.288

Hypertension 1.01 (0.82, 1.24) 0.914

Proteinuria 0.97 (0.77, 1.24) 0.835

Moderate-to-severe NPDR or 

PDR vs mild NPDR or normal

3.69 (2.40, 5.67) <0.0001a

Note: aP < 0.05. 
Abbreviations: NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
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vs no glaucoma). Supplemental Tables 1 and 2 show the comparison between TRI gradings and DFE diagnoses for 
diabetic retinopathy and glaucoma, respectively.

Discussion
This study evaluated a teleretinal screening program implemented in an FQHC, a unique clinical setting that plays 
a central role in the preventive health care of medically underserved patients. Existing literature demonstrates that 
teleretinal screening is effective in narrowing disparities in preventive eye care.9,11,18,19 The majority of patients in our 
study had no insurance or payer for medical visits (62.9%) and a small percentage (13.0%) was enrolled in Project 
Access, a local non-profit organization that provides access to subspecialty care for a defined period of time at no cost to 
uninsured patients. Furthermore, 96.1% of patients in the study population were from minority racial/ethnic groups, with 
the majority being Hispanic and Spanish-speaking. It is well established that insurance status affects health care 
utilization, and ethnic/racial disparities exist in eye examination rates.20–23 Despite the high risk of these underserved 
populations for developing vision-threatening conditions, teleretinal screening programs dedicated to these populations 
have been underexplored. To our knowledge, our study is the first to examine demographic and clinical factors associated 
with ophthalmology referral from a teleretinal screening program in an FQHC.

In our study population, higher burden of systemic disease, including higher HbA1c levels, hypertension, and 
proteinuria, as well as older age were associated with a greater likelihood of receiving a recommendation for ophthal
mology DFE based on TRI. Moreover, all TRIs graded as moderate-to-severe NPDR or PDR were referred for a DFE 
within 1 year. These findings are consistent with other studies documenting higher prevalence of DR and need for referral 
in patients with systemic comorbidities,9 highlighting the importance of screening in these at-risk populations. 
Interestingly, our study population was relatively young, with a mean age of 47.4 years, which suggests that TRI 
screening may benefit younger and middle-aged adults with diabetes mellitus. While the association between male sex 
and higher odds of ophthalmology referral identified in this study appears less intuitive, there is in fact emerging 
literature suggesting that the male sex is associated with greater prevalence of DR as well as higher severity of DR.24,25 

Overall, the factors identified in this study have the potential to inform future screening strategies for patients at increased 
risk for vision-threatening eye disease.

We additionally explored factors associated with attending an ophthalmology visit following TRI, regardless of 
follow-up recommendations based on TRI. In the multivariable model, moderate-to-severe NPDR or PDR was sig
nificantly associated with higher odds of attending an ophthalmology visit after adjusting for need for interpreter services, 
age, and history of diabetic nephropathy, diabetic neuropathy, hypertension, or proteinuria. This association is reassuring 
as it suggests that patients with more severe diabetic retinopathy were following up with an ophthalmologist. We 
hypothesize that these patients may have been prioritized in the care coordination process. On the other hand, having no 
insurance coverage and Hispanic ethnicity remained significantly associated with lower odds of attending an ophthal
mology visit, regardless of follow-up recommendation. This finding should be interpreted in context as neither factor was 
significantly associated with the need to follow up with ophthalmology (ie, ophthalmology referral) in our study when 
accounting for covariates. While our finding reveals disparities in completion of DFE by an ophthalmologist following 
TRI, it provides evidence that TRI serves to provide needed eye screening services to populations that otherwise may not 
be able to access ophthalmic care.

Furthermore, we found that the need for interpreter services was associated with lower odds of attending an 
ophthalmology visit in bivariate analysis. Although the association did not persist after adjustment for covariates 
including Hispanic ethnicity, most interpreter services were required for the Spanish language; we suspect that the 
association between need for interpreter services and odds of attending an ophthalmology visit was largely obscured by 
the strong relationship between Hispanic ethnicity and odds of attending an ophthalmology visit. A prior study showed 
that Spanish-speaking patients experienced difficulty communicating with eye care professionals in diabetic retinopathy 
evaluations.26 These challenges and other unmeasured variables, such as level of education, literacy, or perceptions of 
implicit bias, may create additional barriers for Spanish-speaking patients receiving a recommendation to schedule an in- 
person DFE with an ophthalmologist.27–29 For example, low disease knowledge has been identified as an important 
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barrier to follow-up in patients with chronic eye diseases,30 and may contribute to low adherence to follow-up 
appointments after teleretinal screening as well.

Moreover, given that our cohort consisted primarily of younger and middle-aged adults of working age, it is possible 
that such patients may experience difficulty getting time off of work for subspecialty care visits.30 Future studies should 
incorporate patient interview to determine possible barriers to attending follow-up recommendations in non-English- 
speaking populations and should aim to improve health equity in receipt of eye care services.

In our cohort, fewer than half of the TRIs recommended for a follow-up DFE were completed as recommended within 
1 year, and at least 28% were lost to follow-up. These findings and the fact that none of the evaluated factors were 
associated with adherence to recommended ophthalmology follow-up visits suggest that adherence to DFE following 
teleretinal screening remains a pervasive public health challenge. By comparison, the rates of adherence to follow-up 
DFE in prior studies ranged from 5% in primary care clinics of a large county hospital to 87% in a Veterans Affairs 
Healthcare System.31–35 Though teleretinal screening programs have been shown to improve screening rates,34 further 
evaluation and management with an ophthalmologist are ultimately needed to treat patients with signs of disease on TRI. 
Failing to attend the recommended evaluation may result in delays in care and worse outcomes.

System-level approaches to improve coordination of care may help improve adherence to recommended ophthalmol
ogy visits following teleretinal screening and are therefore needed to ensure sight-saving care in underserved populations. 
For example, Bresnick et al examined patients’ adherence to post-screening recommendations and found low rates of 
adherence, suggesting the need for a more robust tracking and recall system for non-adherence.31 Similarly, Keenum et al 
assessed the adherence patterns in a DR screening program in a publicly funded county clinic and found that fewer than 
30% of patients obtained follow-up eye care within the recommended time frame.35 Their study additionally identified 
younger age, lack of knowledge about glycated hemoglobin levels, and needing assistance in making appointments as 
risk factors for non-adherence,35 suggesting the role of patient self-efficacy and eye health education in improving 
follow-up rates.35,36 Innovative strategies such as personalized interventions and immediate feedback on referral status 
based on artificial intelligence-supported screening have shown promise in recent randomized controlled trials for 
improving adherence to recommended follow-up primary eye care exams.37,38 Similar strategies could be extended to 
a teleretinal screening setting since TRI is often captured in primary care settings as in our study.

Future directions based on findings from this study include patient-centered research focused on understanding 
barriers to adherence, quality improvement initiatives to improve adherence, and randomized controlled trials to identify 
optimal strategies for eye care following teleretinal screening.

Strength and Limitations
The findings of this study should be interpreted in the context of the following limitations. This study abstracted 
retrospective data from the electronic health record, which may not contain comprehensive information. It is possible 
that the number of patients who followed up with ophthalmology as recommended was underreported, as visits outside of 
the EHR system used in this study may not be captured. However, with the increasing integration of EHRs across 
regional health systems, the ability to electronically capture follow-up for ophthalmic care continues to improve. The 
retrospective study design also limits our ability to draw causal conclusions; associations identified in this study may be 
confounded by unmeasured variables. Additionally, while the agreement between TRI grading and DFE diagnoses was 
nearly perfect for diabetic retinopathy (Kappa 0.82), the agreement was lower for glaucoma (Kappa 0.24). These results 
are consistent with previous studies reporting human experts’ limited accuracy in detecting glaucoma using fundus 
photographs.39,40 Recent advances in artificial intelligence have demonstrated improved performance compared with 
human experts and may aid in future glaucoma screening efforts.41 Finally, the study population was derived from 
a single FQHC, potentially limiting the generalizability of our findings. Future studies with multi-center and prospective 
designs can help to address these limitations.

This study has several strengths. First, our study considered teleretinal imaging in the context of an important and 
previously underexplored patient setting with a predominantly Spanish-speaking patient base. The findings of this study 
provide new insights into teleretinal screening for medically underserved patients, including uninsured, underinsured, and 
ethnic/racial minority patients, especially in an FQHC. Second, having a single ophthalmologist evaluate all retinal 
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images provided consistency in diagnosis; the high agreement between TRI gradings and final diagnoses based on 
subsequent dilated fundus examinations further demonstrates the grading accuracy. Third, while previous studies on 
teleretinal screening tend to focus on DR, the study program also screened for other ocular conditions, such as glaucoma 
and macular degeneration, maximizing the utility of tele-retinal screening in preventing vision loss. Finally, our study 
included a large sample size and explored a range of clinical and demographic variables.

Conclusions
In a Federally Qualified Health Center serving predominantly uninsured and underinsured patients, those referred to 
ophthalmology based on teleretinal screening were more likely to have higher burdens of systemic disease. Adherence to 
the recommended follow-up DFE following TRI was less than 50%. Hispanic patients and patients requiring interpreter 
services may be less likely to attend a DFE following TRI. These data underscore the importance of increased efforts to 
better understand barriers to ophthalmic care for underserved patients, as well as to develop interventions to improve 
adherence to follow-up evaluation following teleretinal screening.

Abbreviations
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