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Socioeconomic and Demographic Disparities
in the Use of Telemedicine for Ophthalmic
Care during the COVID-19 Pandemic

Evan M. Chen, MD,1,2 Joana E. Andoh, BS,2 Kristen Nwanyanwu, MD, MHS2

Purpose: To identify disparities in the use of telemedicine during the coronavirus disease 2019 (COVID-19)
pandemic.

Design: A cross-sectional study of completed clinical encounters in an academic ophthalmology center from
March 2020 through August 2020.

Participants: A total of 5023 patients comprising 8116 ophthalmic clinical encounters.
Methods: Medical charts were abstracted for demographic information. We identified zip code-level so-

cioeconomic characteristics, which were drawn from the 2019 American Community Survey 5-year estimates.
Main Outcome Measures: The completion of a synchronous video encounter, the completion of a tele-

phone (audio-only) encounter in the absence of any video encounters, or the completion of in-person encounters
only.

Results: During the study period, 8116 total clinical encounters were completed for 5023 unique patients. Of
these patients, 446 (8.9%) participated in a video encounter, 642 (12.8%) completed a telephone encounter, and
3935 (78.3%) attended clinical appointments in person only. In adjusted analysis, patients who were Black (odds
ratio [OR], 0.65; 95% confidence interval [CI], 0.52e0.80; P < 0.001) or Hispanic/Latino (OR, 0.65; 95% CI,
0.49e0.85; P ¼ 0.002) were significantly less likely to complete a video or telephone appointment. Older patients
(OR, 0.99; 95% CI, 0.98e0.99; P < 0.001), patients whose primary language was not English (OR, 0.49; 95% CI,
0.28e0.82; P ¼ 0.01), Black patients (OR, 0.45; 95% CI, 0.32e0.62; P < 0.001), and Hispanic/Latino patients (OR,
0.56; 95% CI, 0.37e0.83; P ¼ 0.005) were significantly less likely to complete a video encounter. Finally, among
patients completing any type of telemedicine encounter, older age, (OR, 1.02; 95% CI, 1.01e1.03; P < 0.001),
Medicare insurance (OR, 1.55; 95% CI, 1.11e2.17; P ¼ 0.01), and Black race (OR, 1.97; 95% CI, 1.33e2.94; P <
0.001) were associated with using only phone visits.

Conclusions: Ethnic/racial minorities, older patients, and noneEnglish-speaking individuals were signifi-
cantly less likely to complete a video telehealth encounter. With the expansion of telemedicine and the need to
reduce the disparate impact of COVID-19 on minorities, it will be increasingly important to identify barriers to
telehealth use and opportunities to improve access. Ophthalmology 2022;129:15-25 ª 2021 by the American
Academy of Ophthalmology
The coronavirus disease 2019 (COVID-19) pandemic
significantly disrupted the provision of ophthalmic care in
the United States. Reports during the height of the
pandemic found that ophthalmology practices suffered the
greatest decline in patient visits among all medical spe-
cialties.1 Although ophthalmic care long has been
considered to be unconducive to virtual encounters
because of the importance of the physical examination
and imaging, statewide stay-at-home orders and the
expansion of reimbursement for telemedicine-based ser-
vices catalyzed the incorporation of telemedicine into
many ophthalmology practices.2,3 In a study of a large
commercial insurance plan in Michigan, telehealth visits
comprised 17% of total ophthalmic visits among patients
during 1 week in April 2020, and by September 2020,
37% of ophthalmologists in the study had used telehealth
at least once.4
ª 2021 by the American Academy of Ophthalmology
Published by Elsevier Inc.
As in ophthalmology, telemedicine is growing rapidly as
a valid care delivery method across all medical fields.
However, research during the COVID-19 pandemic has
identified lower rates of telehealth use among vulnerable
patient populations in other medical specialties.5e9 These
differences in use mirror disparities in access to technology
required for virtual visits, including laptop ownership and
broadband internet subscription.10e12 One recent study of a
single institution identified demographic differences in the
rates of in-person visits for eye care during the pandemic13;
however, there remains a paucity of literature about
disparities in the uptake of telemedicine in ophthalmology,
a field in which demographic differences in care use have
been identified even before the COVID-19 pandemic.14

As telehealth use in routine medical care continues to
grow and COVID-19 continues to impact minority patients
disproportionately, it is imperative to identify potential
15https://doi.org/10.1016/j.ophtha.2021.07.003
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disparities in access to and use of virtual mediums in
ophthalmic care. Therefore, the purpose our study was to
examine the association between sociodemographic factors
and the use of telemedicine in a large, single-institution
ophthalmology center during the peak of the COVID-19
pandemic.

Methods

This was a single-institution retrospective cohort study of patients
who received outpatient ophthalmic care at the Yale New Haven
Hospital health system, a large urban tertiary care center. The Yale
University Institutional Review Board approved this study pro-
spectively and waived informed patient consent requirements. This
study was conducted in accordance with the tenets of the Decla-
ration of Helsinki.

Population

We queried the Yale New Haven Hospital health system’s elec-
tronic health records to identify all encounters with an ophthal-
mology provider from March 1, 2020, through August 31, 2020.
This 6-month duration represented the beginning of the first
COVID-19 pandemic disease surge in the United States, during
which ophthalmologists most frequently transitioned to
telemedicine-based care.2e4 We included patients who had
completed an appointment and excluded those who had cancelled
or were unable to make their appointments as well as those
younger than 18 years. We also excluded patient encounters in
which the primary provider was an optometrist to focus on the use
of telehealth for ophthalmic care.

Measures

To identify differential rates of telemedicine use in this study’s
cohort, we abstracted the following sociodemographic factors from
chart review: patient age, ethnicity or race, sex, primary language
spoken, and primary payer status. Ethnicity or race was patient
reported and categorized into mutually exclusive groups as His-
panic or Latino, non-Hispanic Black, non-Hispanic White, Asian,
and other. Primary language also was patient reported and divided
into English and non-English. We categorized primary payer status
into 4 main groups: privately insured, insured by Medicare, insured
by Medicaid, and uninsured. The private insurance category
included commercial health plans and workers’ compensation.

Previous research has demonstrated an association between the
uptake of telemedicine and socioeconomic factors.5,6 These factors
are not gathered in the duration of a typical medical appointment
and were not included in Yale New Haven Hospital’s electronic
health records. Therefore, we assigned zip code tabulation areas
(ZCTA) to each patient based on their home address and used
these ZCTAs to obtain information about median household
income and educational attainment from the 2019 American
Community Survey.15 Each of these factors reflects information
about all households in the ZCTA and therefore are only
surrogate markers of a patient’s true socioeconomic status (SES).
We divided these 2 factors into quartiles to facilitate analysis.

Recent research has shown differential rates of telemedicine use
among ophthalmic subspecialties.4 To control for confounding
because of differences in patient demographics between
subspecialties, we categorized each patient encounter into
mutually exclusive ophthalmic subspecialties via chart
abstraction of each encounter’s provider subspecialty. These
provider categories were comprehensive ophthalmology, cornea,
glaucoma, neuro-ophthalmology, oculofacial plastics and orbital
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conditions, pediatric ophthalmology, retinal and vitreous condi-
tions, and uveitis and ocular inflammation. For patients completing
multiple clinical visits with different subspecialty providers, we
classified the patient-level provider specialty, during regression
analysis, based on the most commonly seen provider.

Outcome Measure

Our primary outcome measure was the encounter type of each
patient visit. We categorized encounter types into 3 main groups:
(1) video, (2) telephone, and (3) in person. We defined video as the
synchronous use of video and audio input and output in a virtual
setting, whereas telephone encounters were audio only. Similar to
previous studies on telehealth use, we used patient-level data.5

Therefore, for patients with multiple encounters during the study
period, we categorized them as having used video if they
completed any video-based visit during the study period. If pa-
tients had completed no video visits, but had a telephone-based
encounter, they were categorized as having used a telephone
encounter. Finally, patients who had not engaged in either tele-
medicine or telephone-based visits were considered to have used
in-person visits only. We included only those encounters with an
associated signed note from an attending ophthalmologist.

Institutional Telehealth Policies

Our academic center did not use on-site telemedicine for patient
encounters. Therefore, all patients who completed a video or
telephone encounter did so outside of the clinical setting and used
their own laptop or mobile devices. Video encounters were con-
ducted using smartphones, laptops, or tablets through web-based
videoconferencing software. If patients were unable to access the
technological requirements for a video encounter or expressed a
strong preference not to use video, a phone visit was conducted.
For phone visits, no specialized equipment was used for phone
encounters, and ophthalmologists or clinical technicians dialed
patient’s preferred phone numbers on their chart to initiate a phone
visit.

Institutionally, ophthalmologists, clinical receptionists, and
clinical schedulers were informed to encourage the use of syn-
chronous video as the preferred virtual method during appoint-
ments, scheduling, and the check-in and check-out process.
Appointments were scheduled either in person by a clinical
receptionist after in-person clinical encounters or via phone with
staff members who regularly assist callers with ambulatory
appointment scheduling, referral management, and care coordina-
tion. The decision to use either in-person or telehealth for a visit
was determined by providers based on clinical need for an in-
person encounter as well as a patient’s ability to access and use
telehealth.

Statistical Analysis

We reported mean and standard deviation for continuous variables
and proportion for categorical variables unless otherwise specified.
To characterize fully the association between patient sociodemo-
graphic factors and use of telehealth, we conducted 3 separate
analyses. First, we compared patients who completed video or
telephone visits with those who completed in-person visits only to
identify disparities in the use of any kind of telehealth. Second, we
compared patients using video telehealth versus those who used
telephone or in-person visits only to identify patient populations
that were unable to participate in care because of the greater
technological requirements of synchronous video calls. Finally, to
determine if specific patient characteristics were associated with
telephone use among those completing any type of telehealth
encounter, we created a subcohort of patients who had completed a
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virtual appointment at least once during the study period and
compared patients who completed phone versus video visits. We
used univariate and multivariate logistic regression models for all
analyses. Additionally, all analyses included the subspecialty of
encounters as a controlling covariate to account for differential
rates of telehealth use among different ophthalmic subspecialties.
Because the purpose of this study was to identify potential risk
factors associated with low telehealth use, rather than to develop
predictive algorithms of uptake, we separately highlighted the re-
sults of our univariate analysis and did not perform a Bonferroni
correction on univariate regressions. In multivariate regressions,
we included all covariates and performed Bonferroni correction
with a significance level set at P < 0.0125 (0.05/3), accounting for
3 separate multivariate comparisons. To examine if the association
between patient characteristics and telemedicine use varied by the
type of ophthalmology subspecialist seen, we assessed an inter-
action term between the patient-level ophthalmology subspecialty
and each other demographic or SES covariate in multivariate
regression for all 3 analyses. All statistical analyses were con-
ducted in R software version 3.6.0 (R Foundation for Statistical
Computing). We used GraphPad Prism 8 software (GraphPad
Software) for graphical depictions.

Results

From March 1 through August 31, 2020, 8116 completed patient
encounters occurred, of which 572 (7.0%), 757 (9.3%), and 6787
(83.6%) were telemedicine, telephone, and in-person visits,
respectively. Table 1 summarizes characteristics of this study’s
cohort on the patient level. A total of 5023 unique patients
comprised all encounters in this period, of which 1497 patients
(29.8%) underwent more than 1 encounter. Of this cohort, the
median age among all patients was 64 years (range, 19e103 years)
and 2821 patients (56.2%) were women. By race and ethnicity,
2828 patients (56.3%) were non-Hispanic White, 753 patients
(15.0%) were Hispanic or Latino, 1025 patients (20.4%) were non-
Hispanic Black, and 417 patients (8.4%) were categorized as other.
Most patients self-reported English (90.2%) as their primary lan-
guage. By encounter type, 446 patients (8.9%) completed at least 1
telemedicine appointment, 642 patients (12.8%) completed at least
1 telephone appointment, and the remaining 3935 patients (78.3%)
completed in-person visits only. Patients seeing oculoplastic
(46.7%) and comprehensive (36.3%) ophthalmologists showed the
greatest percentage of telehealth use (at least 1 telephone or video
visit), whereas patients seen by glaucoma (9.4%) and pediatric
(7.5%) specialists had the least (Table 1). The number of video or
telephone visits as a proportion of all clinical encounters rapidly
increased in March 2020, with a peak in use from April 19,
2020 through April 25, 2020, during which telemedicine-based
visits constituted more than 60% of all encounters (Fig 1). After
the initial surge in use, telemedicine encounters accounted for an
average of 13.8% of visits from June 1, 2020, through August
31, 2020.

Factors Associated with Video or Telephone Use
for an Ophthalmic Clinical Visit

Univariate Analysis. In univariate analysis (Table 2), several
demographic factors were associated significantly with
telemedicine use, defined as encounters with video- or audio-
only input. Black patients (odds ratio [OR], 0.66; 95% confi-
dence interval [CI], 0.55e0.80; P < 0.001) or Hispanic or Latino
patients (OR, 0.55; 95% CI, 0.44e0.69; P < 0.001) were signifi-
cantly less likely to use telemedicine compared with non-Hispanic
White patients (Table 2). Patients with a primary language other
than English were less likely to complete a video or telephone
encounter (OR, 0.56; 95% CI, 0.42e0.74; P < 0.001), and
patients covered by Medicare were significantly more likely to
use telehealth compared with patients with private insurance
(OR, 1.23; 95% CI, 1.05e1.45; P ¼ 0.01). Older age was also
associated with any telehealth use (OR, 1.01; 95% CI,
1.00e1.01; P ¼ 0.005). Household income was not associated
with telehealth use, but patients residing in a neighborhood with
the highest quartile of educational attainment were more likely to
use telehealth compared with patients in the lowest (OR, 1.40;
95% CI, 1.13e1.75; P ¼ 0.003). By ophthalmic subspecialty,
patients seen by oculoplastic ophthalmologists were significantly
more likely to have used any form of telemedicine compared
with patients seeking comprehensive ophthalmology care (OR,
1.54; 95% CI, 1.21e1.96; P < 0.001). Patients seeing all other
subspecialist types were significantly less likely to use telehealth.

Multivariate Analysis. In multivariate analysis, Black patients
(OR, 0.65; 95% CI, 0.52e0.80; P < 0.001) or Hispanic or Latino
patients (OR, 0.65; 95% CI, 0.49e0.85; P ¼ 0.002) were signifi-
cantly less likely to use telemedicine compared with non-Hispanic
White patients. Additionally, patients seen by oculoplastic spe-
cialists were significantly more likely to use telehealth compared
with those seen by comprehensive ophthalmologists (OR, 1.63;
95% CI, 1.27e2.08; P < 0.001), whereas all other subspecialties
remained less likely to have completed a telephone or video
encounter. However, older age, having English as a primary lan-
guage, and higher educational attainment were factors that did not
remain associated significantly with teleophthalmology use. We
also examined if the association between patient factors and tele-
medicine use varied by the type of ophthalmic subspecialist.
However, the coefficients of all interaction terms were not
significant.

Factors Associated with the Use of Video for an
Ophthalmic Clinical Visit

Univariate Analysis. Black patients (OR, 0.44; 95% CI,
0.32e0.58; P < 0.001), Hispanic or Latino patients (OR, 0.44;
95% CI, 0.31e0.61; P < 0.001), and those whose primary lan-
guage was not English (OR, 0.34; 95% CI, 0.21e0.54; P < 0.001)
showed significantly lower use of telemedicine (Table 3). Older
patients (OR, 0.99; 95% CI, 0.99e1.00; P ¼ 0.004) as well as
those with Medicare coverage (OR, 0.70; 95% CI, 0.56e0.87;
P ¼ 0.001) or Medicaid coverage (OR, 0.63; 95% CI,
0.47e0.83; P ¼ 0.001) showed lower rates of video-based tele-
health uptake. Among SES factors, residence in neighborhoods in
the highest household income (OR, 1.66; 95% CI, 1.24e2.26; P <
0.001) or educational attainment quartile (OR, 2.00; 95% CI,
1.47e2.77; P < 0.001) were associated significantly with video
use. Patients completing visits with oculoplastic subspecialists
showed significantly higher odds of completing a video encounter
compared with those completing visits with comprehensive oph-
thalmologists (OR, 2.77; 95% CI, 2.09e3.69; P < 0.001).

Multivariate Analysis. Black patients (OR, 0.45; 95% CI,
0.32e0.62; P < 0.001) or Hispanic or Latino patients (OR, 0.56;
95% CI, 0.37e0.83; P ¼ 0.005) remained associated significantly
with lower video use. Older patients (OR, 0.99; 95% CI,
0.98e0.99; P < 0.001) and patients whose primary language was
not English (OR, 0.49; 95% CI, 0.28e0.82; P ¼ 0.01) also showed
lower rates of video-based telehealth uptake in multivariate anal-
ysis. Insurance status, household income, and educational attain-
ment were no longer associated significantly with video use after
controlling for all patient characteristics. Compared with patients
seen by comprehensive ophthalmologists, patients seen by oculo-
plastic subspecialists (OR, 2.57; 95% CI, 1.92e3.45; P < 0.001)
were significantly more likely to have used a video encounter,
17



Table 1. Baseline Study Group Characteristics by Visit Type Classification

Characteristic All Patients

Visit Type*

Video Telephone In Person

Total no. (% of entire study cohort) 5023 446 (8.9) 642 (12.8) 3935 (78.3)
Age (yrs) 64 (19e103) 63 (19e93) 67 (19e96) 63 (19e103)
Gender
Female 2821 (56.2) 256 (57.4) 365 (56.9) 2200 (56.2)
Male 2202 (43.8) 190 (42.6) 277 (43.1) 1735 (43.8)

Ethnicity or racey

Non-Hispanic White 2828 (56.3) 316 (70.9) 403 (62.8) 2109 (53.6)
Black 1025 (20.4) 54 (12.1) 126 (19.6) 845 (21.5)
Hispanic or Latino 753 (15.0) 37 (8.3) 78 (12.1) 638 (16.2)
Other 417 (8.4) 39 (8.7) 35 (5.5) 343 (8.7)

Insurance status
Private 1459 (29.0) 168 (37.7) 138 (21.5) 1153 (29.3)
Medicare 2540 (50.6) 201 (45.1) 389 (60.6) 1950 (49.6)
Medicaid 929 (18.5) 69 (15.5) 109 (17.0) 751 (19.1)
Uninsured 95 (1.9) 8 (1.8) 6 (0.9) 81 (2.1)

Primary language
English 4533 (90.2) 429 (96.2) 593 (92.4) 3511 (89.2)
Other 490 (9.8) 17 (3.8) 49 (7.6) 424 (10.8)

Household median income quartilez

Lowest 826 (16.4) 57 (12.8) 109 (17.0) 660 (16.8)
Second 697 (13.9) 54 (12.1) 97 (15.1) 546 (13.9)
Third 831 (16.5) 73 (16.4) 97 (15.1) 661 (16.8)
Highest 2666 (53.1) 262 (58.7) 339 (52.8) 2065 (52.5)

Educational attainment quartilez

Lowest 801 (15.9) 53 (11.9) 99 (15.4) 649 (16.5)
Second 1167 (23.2) 80 (17.9) 152 (23.7) 935 (23.8)
Third 1514 (30.1) 135 (30.3) 189 (29.4) 1190 (30.2)
Highest 1540 (30.7) 178 (39.9) 202 (31.5) 1160 (29.5)

Subspecialtyx

Comprehensive 799 (15.9) 115 (14.4) 175 (21.9) 509 (63.7)
Cornea 658 (13.1) 53 (8.1) 92 (14.0) 513 (78.0)
Glaucoma 1015 (20.2) 27 (2.7) 68 (6.7) 920 (90.6)
Neuro-ophthalmology 561 (11.2) 23 (4.1) 78 (13.9) 460 (82.0)
Oculofacial plastics and orbital 413 (8.2) 119 (28.8) 74 (17.9) 220 (53.3)
Pediatric ophthalmology 40 (0.8) 0 (0.0) 3 (7.5) 37 (92.5)
Retinal and vitreous 953 (19.0) 62 (6.5) 103 (10.8) 788 (82.7)
Uveitis and ocular inflammation 584 (11.6) 47 (8.0) 49 (8.4) 488 (83.6)

Data are presented as median (range) or no. (%).
*Patients completing at least 1 video encounter were categorized as “video,” patients completing no video encounters but at least 1 telephone encounter
were categorized as “telephone,” and patients completing only in-person encounters were categorized as “in person.”
y
“Other” includes patients of Asian, American Indian, Alaskan Native, or Pacific Islander descent as well as those who did not provide their ethnicity or
race.
zSocioeconomic characteristics were derived from patients’ zip code tabulation areas (ZCTAs) matched with the 2019 American Community Survey.
Educational attainment was defined as the proportion of adults in the ZCTA who had completed high school.
xFor patients completing multiple clinical visits with different provider subspecialties during the study period, we classified the patient-level provider
specialty based on the most commonly seen provider.
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whereas those seen by cornea (OR, 0.56; 95% CI, 0.40e0.77; P <
0.001), glaucoma (OR, 0.20; 95% CI, 0.13e0.30; P < 0.001),
neuro-ophthalmology (OR, 0.20; 95% CI, 0.12e0.31; P < 0.001),
retina (OR, 0.43; 95% CI, 0.31e0.58; P < 0.001), and uveitis (OR,
0.62; 95% CI, 0.43e0.87; P ¼ 0.006) specialists were significantly
less likely. No significant interaction terms were found between
patient characteristics and ophthalmic subspecialty in assessing use
of synchronous video encounters.

Factors Associated with the Use of Telephone
among Patients Completing Any Telehealth Visit

Univariate Analysis. When examining factors associated specif-
ically with use of a phone visit among patients completing any type
18
of telehealth visit, older patients (OR, 1.02; 95% CI, 1.01e1.03; P
< 0.001), those with Medicare (OR, 2.28; 95% CI, 1.72e3.02; P<
0.001) and Medicaid (OR, 1.97; 95% CI, 1.36e2.86; P < 0.001)
insurance, patients with a primary language other than English
(OR, 2.30; 95% CI, 1.34e4.10; P ¼ 0.003), and those seeing
neuro-ophthalmologists (OR, 2.42; 95% CI, 1.48e4.09; P <
0.001) were significantly more likely to have a phone encounter
(Table 4). Black patients (OR, 0.50; 95% CI, 0.35e0.71; P <
0.001) or Hispanic or Latino patients (OR, 0.65; 95% CI,
0.43e0.98; P ¼ 0.04) patients were significantly less likely to
have completed only telephone encounters in the study period.
Patients residing in the neighborhoods in the highest quartile of
household median income (OR, 0.66; 95% CI, 0.46e0.94; P ¼
0.02) and educational attainment (OR, 0.62; 95% CI, 0.42e0.91;



Figure 1. A, Bar graph showing encounter types as a proportion of total visits from March 1, 2020, through August 31, 2020. B, Line graph showing total
virtual (telephone or audio telehealth) as well as in-person encounters from March 1, 2020, through August 31, 2020.
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P ¼ 0.02) were significantly less likely to complete only phone
encounters. By ophthalmic subspecialty type, patients visiting
oculoplastic specialists also showed significantly lower odds of
using phone encounters (OR, 0.35; 95% CI, 0.24e0.50; P <
0.001).
Multivariate Analysis. In multivariate analysis controlling for
all patient factors, older age (OR, 1.02; 95% CI, 1.01e1.03; P <
0.001), Black race (OR, 1.97; 95% CI, 1.33e2.94; P < 0.001), and
having Medicare insurance (OR, 1.55; 95% CI, 1.11e2.17; P ¼
0.01) were associated significantly with using only phone
19



Table 2. Factors Associated with the Use of Telemedicine, Defined as at Least 1 Video or Telephone Ophthalmic Clinical Encounter

Factor

Univariate Analysis Multivariate Analysis

Odds Ratio (95% Confidence Interval)* P Value Odds Ratio (95% Confidence Interval)* P Valuey

Age 1.01 (1.00e1.01) 0.005 1.00 (0.99e1.01) 0.88
Gender
Female 1.00 1.00
Male 0.97 (0.84e1.11) 0.63 0.96 (0.83e1.11) 0.61

Ethnicity or race*
Non-Hispanic White 1.00 1.00
Black 0.66 (0.55e0.80) <0.001 0.65 (0.52e0.80) <0.001
Hispanic or Latino 0.55 (0.44e0.69) <0.001 0.65 (0.49e0.85) 0.002
Other 0.70 (0.53e0.92) 0.013 0.75 (0.56e0.99) 0.05

Insurance status
Private 1.00 1.00
Medicare 1.23 (1.05e1.45) 0.01 1.27 (1.04e1.54) 0.017
Medicaid 0.90 (0.73e1.11) 0.34 1.10 (0.87e1.37) 0.43
Uninsured 0.63 (0.33e1.11) 0.13 0.83 (0.43e1.51) 0.56

Primary language
English 1.00 1.00
Other 0.56 (0.42e0.74) <0.001 0.71 (0.50e0.98) 0.04

Household median income quartile
Lowest 1.00 1.00
Second 1.12 (0.87e1.45) 0.39 1.06 (0.80e1.40) 0.68
Third 0.98 (0.77e1.26) 0.90 0.82 (0.62e1.08) 0.16
Highest 1.15 (0.95e1.41) 0.16 0.69 (0.50e0.95) 0.02

Educational attainment quartile
Lowest 1.00 1.00
Second 1.05 (0.83e1.33) 0.69 1.02 (0.78e1.33) 0.90
Third 1.15 (0.92e1.44) 0.21 1.21 (0.88e1.65) 0.24
Highest 1.40 (1.13e1.75) 0.003 1.46 (1.03e2.09) 0.03

Subspecialtyz

Comprehensive 1.00 1.00
Cornea 0.50 (0.39e0.63) <0.001 0.49 (0.38e0.61) <0.001
Glaucoma 0.18 (0.14e0.23) <0.001 0.18 (0.14e0.24) <0.001
Neuro-ophthalmology 0.39 (0.30e0.50) <0.001 0.40 (0.31e0.53) <0.001
Oculofacial plastics and orbital 1.54 (1.21e1.96) <0.001 1.63 (1.27e2.08) <0.001
Pediatric ophthalmology 0.14 (0.03e0.40) 0.001 0.15 (0.04e0.43) 0.002
Retinal and vitreous 0.37 (0.29e0.46) <0.001 0.38 (0.30e0.48) <0.001
Uveitis and ocular inflammation 0.35 (0.26e0.45) <0.001 0.37 (0.29e0.49) <0.001

*All univariate and multivariate analyses included ophthalmic subspecialty as a controlling covariate.
yThe threshold of significance in this study was Bonferroni corrected to P < 0.013 (0.05/4) to account for multiple analyses.
zFor patients completing multiple clinical visits with different provider subspecialties during the study period, we classified the patient-level provider
specialty based on the most commonly seen provider.
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encounters. Of note, the association between Black race is the in-
verse of the relationship observed in univariate analysis (in uni-
variate analysis, Black race was associated with a higher likelihood
of video use). Additionally, non-English language and SES factors
were no longer associated with completing only phone clinical
encounters. Neuro-ophthalmology encounters remained signifi-
cantly associated with phone use (OR, 3.47; 95% CI, 2.04e6.07; P
< 0.001), whereas oculoplastic encounters were associated with a
lower likelihood of phone use (OR, 0.39; 95% CI, 0.26e0.57; P <
0.001). Interaction terms between ophthalmology subspecialty and
demographic factors were not significant in multivariate analysis.
Discussion

Our study found that in an urban tertiary care center, ethnic
and racial minorities as well as older patients were signifi-
cantly less likely to use synchronous video visits for
20
ophthalmic care during the first 6 months of the COVID-19
pandemic. Additionally, among patients using any telehealth
methods, older patients and Black patients were signifi-
cantly more likely to complete only phone encounters.

Historically, synchronous methods of telehealth, such as
video-based encounters, have been used sparingly in
ophthalmology.16 However, the COVID-19 pandemic has
spurred significant growth in ophthalmologists’ capacity to
provide virtual care.2,4 In our study, telehealth encounters
constituted more than half of all visits in an entire month
after the American Academy of Ophthalmology’s
recommendation to reduce in-person visit frequency on
March 18, 2020, and a statewide stay-at-home order issued
on March 20, 2020.17 Although increased knowledge of
COVID-19 transmission prevention facilitated a return to
primarily in-person clinical encounters, telemedicine
continued to represent a significant proportion of ophthalmic



Table 3. Factors Associated with the Use of Video Telemedicine for an Ophthalmic Clinical Encounter

Factor

Univariate Analysis Multivariate Analysis

Odds Ratio (95% Confidence Interval)* P Value Odds Ratio (95% Confidence Interval)* P Valuey

Age 0.99 (0.99e1.00) 0.004 0.99 (0.98e0.99) <0.001
Gender
Female 1.00 1.00
Male 1.01 (0.83e1.22) 0.93 0.98 (0.80e1.19) 0.81

Ethnicity/race*
Non-Hispanic White 1.00 1.00
Black 0.44 (0.32e0.58) <0.001 0.45 (0.32e0.62) <0.001
Hispanic or Latino 0.44 (0.31e0.61) <0.001 0.56 (0.37e0.83) 0.005
Other 0.91 (0.63e1.27) 0.58 0.89 (0.61e1.27) 0.53

Insurance status
Private 1.00 1.00
Medicare 0.70 (0.56e0.87) 0.001 0.95 (0.73e1.24) 0.71
Medicaid 0.63 (0.47e0.83) 0.001 0.86 (0.63e1.17) 0.34
Uninsured 0.58 (0.25e1.18) 0.16 0.86 (0.36e1.81) 0.70

Primary language
English 1.00 1.00
Other 0.34 (0.21e0.54) <0.001 0.49 (0.28e0.82) 0.01

Household median income quartile
Lowest 1.00 1.00
Second 1.18 (0.80e1.73) 0.41 1.01 (0.67e1.53) 0.97
Third 1.27 (0.89e1.84) 0.19 0.90 (0.60e1.36) 0.63
Highest 1.66 (1.24e2.26) <0.001 0.72 (0.45e1.15) 0.17

Educational attainment quartile
Lowest 1.00 1.00
Second 1.04 (0.73e1.49) 0.83 0.88 (0.59e1.32) 0.54
Third 1.46 (1.06e2.03) 0.02 1.29 (0.82e2.03) 0.27
Highest 2.00 (1.47e2.77) <0.001 1.69 (1.03e2.80) 0.04

Subspecialtyz

Comprehensive 1.00 1.00
Cornea 0.59 (0.43e0.82) 0.002 0.56 (0.40e0.77) <0.001
Glaucoma 0.19 (0.13e0.28) <0.001 0.20 (0.13e0.30) <0.001
Neuro-ophthalmology 0.26 (0.16e0.39) <0.001 0.20 (0.12e0.31) <0.001
Oculofacial plastics and orbital 2.77 (2.09e3.69) <0.001 2.57 (1.92e3.45) <0.001
Pediatric ophthalmology 0.30 (0.05e1.00) 0.10 0.24 (0.04e0.80) 0.05
Retinal and vitreous 0.44 (0.32e0.60) <0.001 0.43 (0.31e0.58) <0.001
Uveitis and ocular inflammation 0.61 (0.43e0.85) 0.004 0.62 (0.43e0.87) 0.006

*All univariate and multivariate analyses included ophthalmic subspecialty as a controlling covariate.
yThe threshold of significance in this study was Bonferroni corrected to P < 0.013 (0.05/4) to account for multiple analyses.
zFor patients completing multiple clinical visits with different provider subspecialties during the study period, we classified the patient-level provider
specialty based on the most commonly seen provider.
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visits, particularly for patients seeing oculoplastic sub-
specialists and comprehensive ophthalmologists. However,
the long-term role of telemedicine in ophthalmology is un-
certain. Numerous studies during the pandemic have
demonstrated patients’ interest in this approach and oph-
thalmologists’ ability to incorporate telehealth in clinical
encounters for which examination and imaging are not
necessary. Even before the pandemic, research indicated
patient’s willingness to use telehealth for eye care: a study
of glaucoma patients at a single institution found that nearly
half of those surveyed expressed favorable attitudes toward
using telemedicine.18 With Medicare payment for services
delivered via video telehealth extended until at least the
end of 2021, the establishment of telemedicine
infrastructure among clinical practices, and trends in
patient preference for remote care, telemedicine is likely
to become a permanent method of care delivery for many
patients seeking ophthalmic care.19

However, continued expansion of telehealth for routine
care requires careful scrutiny regarding accessibility. The
COVID-19 pandemic already has been demonstrated to
impact the health and financial status of vulnerable com-
munities disproportionately, and several recent studies have
identified socioeconomic disparities in telehealth use in
other medical specialties.5e7,9,20 Our findings mirror many
of these reports and show that older age was associated
significantly with a lower likelihood of completing a
video-based appointment but not a phone-based visit. This
is unsurprising, given that telephone visits are more easily
accessible for patients inexperienced with technology and
that increasing age is associated with lower internet access
via broadband or cellular network, as well as lower
21



Table 4. Factors Associated with the Use of Phone Encounter among Patients Completing Any Virtual Visit Type (Phone or Video)

Factor

Univariate Analysis Multivariate Analysis

Odds Ratio (95% Confidence Interval)* P Value Odds Ratio (95% Confidence Interval)* P Valuey

Age 1.02 (1.01e1.03) <0.001 1.02 (1.01e1.03) <0.001
Gender
Female 1.00 1.00
Male 0.93 (0.73e1.18) 0.55 0.97 (0.76e1.25) 0.86

Ethnicity/race*
Non-Hispanic White 1.00 1.00
Black 0.50 (0.35e0.71) <0.001 1.97 (1.33e2.94) <0.001
Hispanic or Latino 0.65 (0.43e0.98) 0.04 1.32 (0.78e2.25) 0.34
Other 1.53 (0.95e2.47) 0.08 0.76 (0.46e1.25) 0.25

Insurance status
Private 1.00 1.00
Medicare 2.28 (1.72e3.02) <0.001 1.55 (1.11e2.17) 0.01
Medicaid 1.97 (1.36e2.86) <0.001 1.64 (1.11e2.44) 0.02
Uninsured 1.09 (0.34e3.37) 0.88 0.51 (0.14e1.66) 0.43

Primary language
English 1.00 1.00
Other 2.30 (1.34e4.10) 0.003 2.36 (1.19e4.87) 0.02

Household median income quartile
Lowest 1.00 1.00
Second 0.89 (0.56e1.41) 0.61 0.94 (0.56e1.58) 0.87
Third 0.74 (0.47e1.15) 0.18 0.91 (0.55e1.51) 0.68
Highest 0.66 (0.46e0.94) 0.02 1.07 (0.60e1.90) 0.85

Educational attainment quartile
Lowest 1.00 1.00
Second 1.03 (0.67e1.58) 0.90 1.16 (0.70e1.91) 0.47
Third 0.79 (0.53e1.17) 0.24 1.04 (0.59e1.83) 0.87
Highest 0.62 (0.42e0.91) 0.02 0.82 (0.43e1.53) 0.59

Subspecialtyz

Comprehensive 1.00 1.00
Cornea 1.06 (0.71e1.57) 0.79 1.17 (0.78e1.77) 0.45
Glaucoma 1.46 (0.92e2.37) 0.11 1.45 (0.89e2.39) 0.14
Neuro-ophthalmology 2.42 (1.48e4.09) <0.001 3.47 (2.04e6.07) <0.001
Oculofacial plastics and orbital 0.35 (0.24e0.50) <0.001 0.39 (0.26e0.57) <0.001
Pediatric ophthalmology 0.99 (0.16e7.61) 0.99 1.23 (0.19e10.00) 0.83
Retinal and vitreous 1.09 (0.75e1.60) 0.66 1.18 (0.79e1.77) 0.41
Uveitis and ocular inflammation 0.68 (0.44e1.06) 0.09 0.76 (0.48e1.20) 0.24

*All univariate and multivariate analyses included ophthalmic subspecialty as a controlling covariate.
yThe threshold of significance in this study was Bonferroni corrected to P < 0.013 (0.05/4) to account for multiple analyses.
zFor patients completing multiple clinical visits with different provider subspecialties during the study period, we classified the patient-level provider
specialty based on the most commonly seen provider.
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ownership of digital devices necessary for video interfacing,
including laptops and smart phones.21,22 In contrast, greater
parity exists in the ownership rates of any type of telephone
among age groups in the United States.23 Technological
literacy is another limiting factor for elderly patients. In a
recent study of adults older than 65 years in the United
States, technological inexperience was reported more
frequently as the reason for unreadiness to use
telemedicine, rather than infrastructural limitations.24 In a
recent survey of patients with glaucoma, those older than
70 years had significantly lesser knowledge about all types
of telemedicine compared with younger patients.18

Generational differences in attitudes about healthcare
technology, including trust of diagnoses provided in a
virtual setting or concerns about privacy, also may impact
uptake among older patients.25e27 Finally, elderly patients
are more likely to have motor or sensory limitations
22
impacting telemedicine accessibility. Visual impairment is
of particular concern in patients seeking eye care, and
telephone calls are likely far easier to use for these patients
than video encounters.

Our study also found that Black and Hispanic or Latino
patients showed significantly lower uptake of both video as
well as audio-only telehealth, a disparity that has been
described in reports before and during the pandemic.8,9,13

Similar to elderly individuals, ethnic minorities have
slightly lower rates of smartphone ownership (82% among
Whites, 80% among Blacks, and 79% among Hispanics),
but significantly lower rates of broadband access (79%
among Whites, 66% among Blacks, and 61% among
Hispanics) in the United States.11,12,21 These differences
reflect wealth disparities among racial groups in the
United States, and the additional financial strain imposed
by the COVID-19 pandemic may exacerbate further
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disparate technology access. Because of the importance of
in-person examinations in ophthalmic care, it is likely that
telehealth is used more frequently for follow-up visits.
However, both Hispanic and Black patients are less likely to
use outpatient ophthalmology services than non-Hispanic
White patients.14 Therefore, ethnic and racial minorities
may have been more likely to require new, rather than
follow-up, appointments during the pandemic, which are
less able to be conducted in telemedicine settings. Tele-
health underuse among minorities also may be related to
awareness and the advertising of such services. A study of
qualitative interviews in an underserved Hispanic popula-
tion before the COVID-19 pandemic revealed that more
than 90% of participants had not heard of telehealth.28

We also identified that patients for whom English was
not their primary language showed lower use of synchro-
nous video encounters even after controlling for other de-
mographic and socioeconomic markers. Difficulties in
accessing health care and underuse of clinical services in the
United States among noneEnglish-speaking patients is well
documented, and it is unsurprising that language barriers
persist in virtual settings.29,30 Difficulties for these patients
can include the lack of multilingual web applications and
inconsistent availability of translation services from setup
to appointment completion. We did not find that the
association between telemedicine use and ethnicity or race
or primary language differed by the type of
ophthalmology subspecialist seen. These results suggest
that minority patient populations are significantly less
likely to use telehealth regardless of the type of
ophthalmic care they are seeking and that barriers to use
are not subspecialty specific.

Differences in rates of telehealth access among patient
populations were not as prevalent when including the
completion of either a video or telephone visit. Indeed, on
univariate analysis, older age was associated with use of any
type of telehealth, which likely is reflective of the more
limited technological requirements of audio-only encoun-
ters. However, expanded reimbursement for audio-only calls
are likely to be discontinued at the end of the COVID-19
public health emergency.31 This has important
implications for patients who may prefer or only have
access to telephone-based clinical encounters. Our study
specifically found that older patients, Black patients, those
with Medicare, and patients seeing neuro-ophthalmologists
were significantly more likely to have completed only
phone visits after controlling for demographic and SES
factors. Furthermore, in univariate analysis, lower house-
hold income and educational status were associated with
phone, rather than video, use. Although research has
demonstrated that video conferencing facilitates a higher
quality of care,32 discontinued reimbursement for phone-
based visits may limit the accessibility of virtual care for
these patients. Continued expansion of telemedicine services
will require simultaneous research efforts to determine if
these patient populations prefer phone visits or have limited
literacy and technology to use video methods. In the
meantime, policies affect phone-based reimbursements, and
policy makers should remain cognizant of potential gaps in
patient access.
Differences in the use of telehealth identified in this study
suggest that certain patient populations also may have been
unable to access any ophthalmic care during the COVID-19
pandemic, particularly during the early phase of the
pandemic when in-person encounters were severely limited.
Future research specifically should examine appointment
cancellations and should identify whether vulnerable pop-
ulations demonstrated lower rates appointment reschedul-
ing, as in-person appointments were resumed. These studies
will help to identify patients who may have been lost to care
and subsequently are at higher risk of vision loss.

Efforts to address existing barriers to telehealth uptake
among vulnerable populations require an approach cogni-
zant of systemic racism and discrimination in medicine and
should include strategies to improve patient trust, telemed-
icine literacy, and technology accessibility. Among elderly
and certain ethnic and racial minority patients, targeted
promotion and education about telehealth services via local
networks (e.g., churches, grocery stores, barber shops),
bilingual mediums, and nonelectronic mediums such as
newspapers could increase awareness and knowledge of
telemedicine.33 Establishment of regulatory bodies or
federal policies to enhance patient privacy in virtual
mediums, particularly for consumer-facing apps and de-
vices, is important to increase trust among populations that
historically have mistrusted the health care system.34

Beyond establishing patient acceptance of telehealth,
efforts should be made to increase device access among
socioeconomically disadvantaged populations. Reduction
of this digital divide will require subsidies for internet
access, which currently is being explored by the federal
government in their recent proposal to increase broadband
affordability for rural and ethnic minority populations.35

Telehealth accessibility also might be improved by health
plan coverage of telecommunication devices with video
capacity because of medical necessity. Facilitating the
introduction of telehealth to these patients through these
changes may result in significant long-term uptake.
Indeed, studies have found that patient satisfaction among
elderly patients and ethnic and racial minorities after
completing telehealth visits is extremely high and that after
a telemedicine encounter, the majority of patients are willing
to use telehealth again in the future.36,37

Study Limitations

This study has several limitations. First, the inclusion of
only patients within a single academic center may limit the
generalizability of our findings. However, institutional data
allowed us to assess more detailed patient demographic and
socioeconomic characteristics and to include heterogeneity
in payment provider types. Additionally, our academic
center treats an ethnically and racially diverse population
representative of other large urban areas.38 Second, our
center is a large academic institution with a well-
developed telemedicine infrastructure. Therefore, our find-
ings may not apply to eye care settings in group and single
practices. However, we believe that inability to access or use
teleconferencing technology is more dependent on patient-
level factors. Third, patients’ ZCTAs served as a surrogate
23
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for exact socioeconomic characteristics. Zip code tabulation
areas can span a significant area and are less accurate
compared with patient-specific data. Fourth, the study might
not have captured patients who might have been unable to
access telemedicine and also might have been hesitant to
receive in-person care. Finally, it is possible that lower use
of telehealth did not necessarily equate to disruptions in care
provision or a lower quality of care. To understand this topic
better, future studies should compare rates of ophthalmic
health care use before and during the COVID-19 pandemic
among different patient populations.

In conclusion, as the COVID-19 pandemic continues to
impact minority populations disproportionately, our findings
24
indicate that a technology intended to reduce inequitable
health care access unintentionally may exacerbate pre-
existing disparities in health care use. Ethnic and racial
minorities, older patients, and noneEnglish-speaking pa-
tients showed significantly lower rates of video telehealth
use during the COVID-19 pandemic, which parallel well-
documented demographic differences in technology liter-
acy, access, and trust. Further research is necessary to
identify the potential impact on health outcomes of differ-
ences in telehealth use and which populations may benefit
most from additional educational and infrastructural
support.
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