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Abstract
Background and Objectives
In response to the COVID-19 pandemic, outpatient stroke care delivery was rapidly trans-
formed to outpatient evaluation through video (VTM) and telephone (TPH) telemedicine
(TM) visits around the world. We sought to evaluate the sociodemographic differences in
outpatient TM use among stroke patients.

Methods
We conducted a retrospective chart review of outpatients evaluated at 3 tertiary stroke centers
in the early period of the pandemic, 3/16/2020 through 7/31/2020. We compared the use of
TM by patient characteristics including age, sex, race/ethnicity, insurance status, stroke type,
patient type, and site. The association between TM use and patient characteristics was mea-
sured using the relative risk (RR) from a modified Poisson regression, and site-specific effects
were controlled using a multilevel analysis.

Results
A total of 2,024 visits were included from UTHealth (n = 878), MedStar Health (n = 269), and
Columbia (n = 877). The median age was 64 [IQR 52–74] years, and 53% were female. Ap-
proximately half of the patients had private insurance, 36% had Medicare, and 15% had Medicaid.
Two-thirds of the visits were established patients. TM accounted for 90% of total visits, and the use
of TM over office visits was primarily associated with site, not patient characteristics. TM utilization
was associated with Asian and other/unknown race. Among TM users, older age, Black race,
Hispanic ethnicity, and Medicaid insurance were associated with lower VTM use. Black (aRR 0.88,
95% CI 0.86–0.91, p < 0.001) and Hispanic patients (aRR 0.92, 95% CI 0.87–0.98, p = 0.005) had
approximately 10% lower VTM use, while Asian patients (aRR 0.98, 95% CI 0.89–1.07, p = 0.59)
had similar VTM use compared with White patients. Patients with Medicaid were less likely to use
VTM compared with those with private insurance (aRR 0.86, 95% CI 0.81–0.91, p < 0.001).

Discussion
In our diverse cohort across 3 centers, we found differences in TM visit type by race and insurance
early during the COVID-19 pandemic. These findings suggest disparities in VTM access across
different stroke populations. As VTM remains an integral part of outpatient neurology practice,
steps to ensure equitable access are essential.
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The coronavirus disease (COVID-19) pandemic resulted in
an unprecedented expansion in telehealth infrastructure.1,2

Telehealth covers a range of technologies, including tele-
phone and live video as well as e-mail and text messaging.3

Telemedicine (TM) refers specifically to remote clinical
services.4 Incentivized by Centers for Medicare and Medic-
aid Services, with changes in reimbursement policies during
the COVID-19 pandemic, telemedicine use considerably
expanded in traditional practices during the pandemic.5

Implementation of telemedicine for acute stroke care has
improved access to thrombolysis and thrombectomy for
stroke treatment by making stroke clinical expertise readily
available despite geographic constraints.6 There remain ex-
tensive gaps in care for secondary stroke prevention, stroke
recovery, and poststroke complication management, espe-
cially for socially high-risk groups.7 Telemedicine can offer
many potential solutions for barriers to poststroke care.
Patients surviving stroke may have limited access to out-
patient care related to social factors including insurance
status, access to transportation, income, and social support.
Stroke-related disabilities such as impaired mobility and
cognitive impairments create further impediments to trav-
eling for office visits. These challenges are amplified in un-
derserved racial and ethnic groups.

Structural inequities and social contexts give rise to dis-
parities in health care access and utilization. For stroke
care, this manifests as inequitable prevention and treat-
ment leading to adverse health outcomes.8 Evidence sug-
gests that 700 000 more US deaths would have been
avoided by equalizing mortality rates between White in-
dividuals and Black individuals than would have been
saved by medical advances between 1991 and 2000.9 These
findings should motivate further investigation into differ-
ences in health care delivery involving marginalized and
minoritized groups.

Disparities in telemedicine delivery for stroke services in-
cluding in outpatient stroke practice are understudied,10 and
difference in the type of TM care provided (video or tele-
phonic) has been less known. Video TM (VTM) visits more
closely simulate office visits and offer potential advantages
over telephonic (TPH) visits. Particularly for stroke, unlike
telephone visits, video visits allow for assessment of stroke-
related deficits through remote physical and neurologic ex-
aminations, facilitate interactions with caregivers (outpatient
care), and allow for visualization of the home environment.11

Understanding patient characteristics in relation to tele-
medicine visits among stroke survivors may help identify
barriers and facilitators of telemedicine implementation into
routine stroke practice during and after the pandemic. In this
study, we sought to evaluate relationships between socio-
demographic characteristics and access to telemedicine
(video vs telephonic) for outpatient care among patients
presenting to stroke clinics associated with 3 different

comprehensive stroke centers across the United States dur-
ing the early time of the pandemic.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The study protocol was reviewed and approved for waiver by the
Institutional Review Boards across the 3 programs. The study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Study Participants
We performed a retrospective review of outpatient clinic data
from 3 urban teaching hospital outpatient Stroke Clinic Pro-
grams.Our review included1clinic inHouston,TX(UTHealth);
2 clinics inWashingtonD.C. area (MedStarHealth); and 2 clinics
in New York City (Columbia). These centers have come to-
gether to create the Collaboration to Improve Outcomes, Pre-
ventive care, and Care Transitions after Stroke (CONnECT)
consortium dedicated to multicenter health services research in
postacute stroke care. This study included visits as they were
conducted, in person or through TM (VTM or TPH) at par-
ticipating sites at the beginning of the pandemic, fromMarch 16,
2020, through July 31, 2020. All patients were offered TM video
visits at each site by default at the start of the pandemic in March
2020 and could opt in for telephone visits if video visits were not
possible. Patients could also opt-in for in-person visits with ap-
proval of the provider if they were not felt to be at high risk for
serious complications of COVID-19 based on age or medical
comorbidities. Bilingual staff were available at all sites. Inter-
preters or language line services were available for visits. Re-
searchers abstracted patient demographic variables including age
and insurance status at the time of visit, race, ethnicity, and sex
from the electronic medical record (EMR) system. In case of
unknown or missing code abstraction, individual charts were
reviewed to identify self-reported data. Stroke type was de-
termined as ischemic, hemorrhagic, transient ischemic attack
(TIA), or other cerebrovascular diseases (that is aneurysm or
radiographic small vessel disease). The 3 sites individually col-
lected data for their outpatient clinics, and then, the data were
pooled for analysis.

Outcomes and Exposure
The study outcomes included the use and type of TM, and the
primary exposure was social and demographic characteristics.
We determinedwhether the use of TM and type of TMdiffered
by race/ethnicity and explored factors associated with TM use
and type of TM including age, sex, insurance status, stroke type,
and site. Visits were categorized as in-person office visit or TM.
TM was further specified as video telemedicine (VTM) and
telephone (TPH). Race and ethnicity were self-reported and
categorized as non-Hispanic White (“White”), non-Hispanic
Black (“Black”), Hispanic, non-Hispanic Asian (“Asian”), and
Others/Unknown includes these additional groups that were
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not represented in sufficient numbers to inform analysis. The
use of any TM and use of VTM among TM users were com-
pared across race/ethnicity using White as a reference.

Statistical Analysis
Descriptive statistics for differences in baseline characteristics
and outcome measures were assessed across race/ethnicity
using the chi-square tests for categorical variables andWilcoxon
rank-sum tests for numeric variables. The data were presented
as well by site to examine differences in characteristics of pa-
tients and TM use across sites. The association between tele-
medicine type and race/ethnicity was measured using the
relative risk (RR) from a modified Poisson regression model
adjusting for age, sex, insurance type, stroke type, and patient
type (new or established).12 To account for site-specific effect
and correlations among visits within the site, we conducted a
multilevel analysis by allowing a random effect for residual
components at each site level. We also performed subgroup
analysis by site as a sensitivity analysis to assess whether the
effect of race remained consistent. Significance levels were set at
p < 0.05 for 2-tailed tests, and all analyses were performed using
STATA 16.0 (StataCorp, College Station, TX).

Data Availability
Anonymized data not published within this article will be
made available on reasonable request from the correspond-
ing author.

Results
Patient Characteristics
A total of 2,024 visits were included from UTHealth (n = 878),
MedStar Health (n = 269), and Columbia (n = 877). The racial/
ethnic breakdown was as follows: White 45%, Black 27%, His-
panic 15%, Asian 4%, and other/unknown 9%. The median age
was 64 [IQR 52–74] years, and 53% were female (Table 1).
White patients were older and more likely to be men compared
with other racial/ethnic groups (Table 1). Almost half the pa-
tients had private insurance, 36% had Medicare, 15% had
Medicaid, and 2% were uninsured. Asian patients were most
likely to have private insurance followed by White patients.
Higher proportions of Black andHispanic patients hadMedicare
or Medicaid insurance at 50% and 58%, respectively, and His-
panic patients had a higher percentage of uninsured visits. Most
of the visits were for ischemic stroke (61%), and the percentage
of ischemic stroke was highest among Black patients (70%)
(Table 1). Between sites, race/ethnicity was significantly differ-
ent, such as high percentage of Black patients (48%) at MedStar
Health and 20% of visits at Columbia patients for Hispanic
patients (eTable 1, links.lww.com/CPJ/A406).

Factors Associated With Telemedicine Use
TM accounted for 89.6% of all visits, and there were no
significant differences in the use of TM over office visits
across race/ethnicity and other patient characteristics, apart
from the 45–54 and 55–64-year-old age groups who were

more likely to have an office visit (Table 2). We observed
significant differences in the use of TM across program sites.
Almost all visits at Columbia were conducted through TM
(98.9%), whereas 80.3% and 89.6% were through TM at
UTHealth and MedStar Health, respectively. From multi-
variable analysis, we found that Asian (aRR 1.03 (95% CI
1.01–1.04), p < 0.001) and other/unknown races (aRR 1.02
(95% CI 1.01–1.03), p < 0.001) had slightly higher use of
TM compared with White patients.

Factors Associated With Type of Telemedicine
Among TM users, VTM accounted for 84.8% and VTM over
TPHwas associatedwith several factors (Table 3). Older age was
associated with decreased use of VTM, and patients 75 years or
older were 14% less likely to use VTM compared with younger
age group (aRR 0.86 [95% CI 0.80–0.92], p < 0.001). Female
patients were less likely to use VTM, but after adjusting other
factors, the difference was not statistically significant. White pa-
tients had higher VTM use (89.2%) compared with Black
(76.3%) and Hispanic (81.2%), and differences remained after
adjusting for other factors (aRR 0.88, 95% CI 0.86–0.91, p <
0.001, and aRR 0.92, 95% CI 0.87–0.98, p = 0.005, respectively,
for Black and Hispanic patients compared with White patients).
Asian patients had similar VTM use (88.5%) compared with
White patients (aRR 0.98, 95% CI 0.89–1.07, p = 0.59). In a
subgroup analysis by site as a sensitivity analysis, we found similar
trends across race/ethnicity (lower VTM use among Black and
Hispanic patients and similar VTM use among Asian compared
with White patients), although not all reached to statistically
significant levels (eTable 2). Patients with Medicaid were less
likely to use VTM compared with those with private insurance
(aRR 0.86, 95% CI 0.81–0.91, p < 0.001). New patients were
slightly more likely to use VTM, but this was not statistically
significant after adjusting for other factors. Compared with is-
chemic stroke, hemorrhagic stroke or TIA had no different use of
VTM but other cerebrovascular diseases had a slightly higher
VTM use (aRR 1.06 [95% CI, 1.02–1.11], p = 0.003).

Discussion
The COVID-19 pandemic forced rapid changes in outpatient
services, requiring a shift from in-person appointments to tel-
ehealth visits. As a result, telemedicine has become an alterna-
tive health care delivery model to provide outpatient service
remotely while maintaining physical distance from their pro-
viders.13 In the outpatient setting, video-based interactions
have been associated with greater satisfaction and enhanced
communication compared with telephone encounters with
patients.14 Several advantages to video-based outpatient visits
identified by patients include convenience and decreased cost.
However, patients do have concerns around privacy and the
physician’s ability to virtually perform physical examinations.15

Stroke patients may be particularly well-suited for outpatient
video visits as neurologic assessments including NIHSS (NIH
Stroke Scale) can be conducted through video interaction.16

Telemedicine implemented in rural areas has been successful in
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improved outreach and uptake for chronic neurologic care.17 In
addition, many stroke patients have physical and cognitive
impairments that make transportation to in-person visits costly
and inconvenient andmay result in higher no-show rates for in-
person visits.

Our study reports important differences in access to tele-
medicine for outpatient stroke care across 3 large urban

centers at the start of the pandemic. We found that 90% of all
outpatient visits during the study period were conducted by
telemedicine. Time to implementation, site practices in types
of visits offered, and barriers in transition to telehealth during
the pandemic likely contributed to differences in utilization
among sites. We found higher utilization of telemedicine at
Columbia in New York, where the first COVID-19 wave
began. Although infrastructure was in place at this site, only

Table 1 Patient Characteristics by Race/Ethnicity

Total White Black Hispanic Asian Other/Unknown p Value

Cases N = 2,024 n = 908 n = 545 n = 305 n = 85 n = 181

Age, median [IQR] 64 [52–74] 66 [55–76] 62 [51–72] 62 [50–71] 58 [46–68] 58 [44–72] <0.001

Age group, n (%)

<45 312 (15.4) 108 (11.9) 83 (15.2) 55 (18.0) 19 (22.4) 47 (26.0) <0.001

45-54 293 (14.5) 106 (11.7) 93 (17.1) 47 (15.4) 20 (23.5) 27 (14.9)

55-64 460 (22.7) 188 (20.7) 135 (24.8) 85 (27.9) 14 (16.5) 38 (21.0)

65-74 481 (23.8) 237 (26.1) 131 (24.0) 60 (19.7) 22 (25.9) 31 (17.1)

75+ 478 (23.6) 269 (29.6) 103 (18.9) 58 (19.0) 10 (11.8) 38 (21.0)

Sex

Male 954 (47.1) 471 (51.9) 237 (43.5) 128 (42.0) 37 (43.5) 81 (44.8) 0.004

Female 1,070 (52.9) 437 (48.1) 308 (56.5) 177 (58.0) 48 (56.5) 100 (55.2)

Site

UTHealth 878 (43.4) 369 (40.6) 316 (58.0) 127 (41.6) 39 (45.9) 27 (14.9) <0.001

MedStar Health 269 (13.3) 106 (11.7) 128 (23.5) 6 (2.0) 9 (10.6) 20 (11.0)

Columbia 877 (43.3) 433 (47.7) 101 (18.5) 172 (56.4) 37 (43.5) 134 (74.0)

Insurance

Private 955 (47.2) 445 (49.0) 258 (47.3) 116 (38.0) 46 (54.1) 90 (49.7) <0.001

Medicare 722 (35.7) 407 (44.8) 173 (31.7) 61 (20.0) 23 (27.1) 58 (32.0)

Medicaid 311 (15.4) 48 (5.3) 100 (18.3) 116 (38.0) 15 (17.6) 32 (17.7)

Uninsured 36 (1.8) 8 (0.9) 14 (2.6) 12 (3.9) 1 (1.2) 1 (0.6)

Patient type

Established patient 1,210 (59.8) 576 (63.4) 328 (60.2) 162 (53.1) 50 (58.8) 94 (51.9) 0.004

New patient 814 (40.2) 332 (36.6) 217 (39.8) 143 (46.9) 35 (41.2) 87 (48.1)

Type of stroke

Ischemic stroke 1,236 (61.1) 532 (58.6) 383 (70.3) 178 (58.4) 39 (45.9) 104 (57.5) <0.001

Hemorrhagic stroke 272 (13.4) 112 (12.3) 86 (15.8) 41 (13.4) 16 (18.8) 17 (9.4)

TIA 190 (9.4) 105 (11.6) 24 (4.4) 34 (11.1) 9 (10.6) 18 (9.9)

Other 326 (16.1) 159 (17.5) 52 (9.5) 52 (17.0) 21 (24.7) 42 (23.2)

Type of visit

Video TM 1,538 (76.0) 729 (80.3) 361 (66.2) 220 (72.1) 69 (81.2) 159 (87.8) <0.001

Telephonic 275 (13.6) 88 (9.7) 112 (20.6) 51 (16.7) 9 (10.6) 15 (8.3)

Office 211 (10.4) 91 (10.0) 72 (13.2) 34 (11.1) 7 (8.2) 7 (3.9)
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up to 0.5% neurology outpatient visits were conducted through
video telehealth in the months of the year leading up to the
pandemic. Implementation for all sites may have been

facilitated bypreexisting acute stroke telemedicine or outpatient
research infrastructure. Rapid changes to reimbursement poli-
cies for telemedicine, led by Centers for Medicare & Medicaid

Table 2 Factors Associated With Telemedicine Use

Factors % of TM use Unadjusted RR p Value Adjusted RRa p Value

Overall 89.6 (85.5–93.7)

Age

<45 92.0 (89.0–95.0) 1 (reference) 1 (reference)

45-54 87.0 (83.2–90.9) 0.95 (0.90–1.00) 0.049 0.96 (0.91–1.02) 0.23

55-64 86.1 (82.9–89.3) 0.94 (0.89–0.98) 0.008 0.95 (0.88–1.02) 0.14

65-74 91.1 (88.5–93.6) 0.99 (0.95–1.03) 0.65 1.00 (0.99–1.02) 0.72

75+ 91.4 (88.9–93.9) 0.99 (0.95–1.04) 0.78 1.00 (0.98–1.02) 0.75

Sex

Male 89.3 (87.3–91.3) 1 (reference) 1 (reference)

Female 89.8 (88.0–91.6) 1.01 (0.98–1.04) 0.71 1.00 (0.98–1.03) 0.70

Race/ethnicity

White 90.0 (88.0–91.9) 1 (reference) 1 (reference)

Black 86.8 (83.9–89.6) 0.96 (0.93–1.00) 0.07 1.00 (0.95–1.06) 0.85

Hispanic 88.9 (85.3–92.4) 0.99 (0.94–1.03) 0.59 0.98 (0.92–1.04) 0.54

Asian 91.8 (85.9–97.6) 1.02 (0.95–1.09) 0.57 1.03 (1.01–1.04) <0.001

Other/unknown 96.1 (93.3–98.9) 1.07 (1.03–1.11) <0.001 1.02 (1.01–1.03) <0.001

Insurance

Private 88.1 (86.0–90.1) 1 (reference) 1 (reference)

Medicare 91.0 (88.9–93.1) 1.03 (1.00–1.07) 0.05 0.99 (0.97–1.01) 0.24

Medicaid 91.3 (88.2–94.4) 1.04 (0.99–1.08) 0.09 1.00 (0.98–1.02) 0.81

Uninsured 86.1 (74.8–97.4) 0.98 (0.86–1.12) 0.74 1.06 (0.97–1.16) 0.20

Patient type

Established patient 89.3 (87.6–91.1) 1 (reference) 1.00 (0.00–0.00) <0.001

New patient 89.9 (87.9–92.0) 1.01 (0.98–1.04) 0.67 0.98 (0.91–1.06) 0.66

Type of stroke

Ischemic stroke 88.3 (86.5–90.1) 1 (reference) 1 (reference)

Hemorrhagic stroke 89.7 (86.1–93.3) 1.02 (0.97–1.06) 0.48 1.01 (1.00–1.02) 0.18

TIA 90.5 (86.4–94.7) 1.03 (0.98–1.08) 0.33 0.97 (0.91–1.02) 0.24

Other 93.9 (91.3–96.5) 1.06 (1.03–1.10) <0.001 1.00 (0.99–1.02) 0.78

Site

UTHealth 80.3 (77.7–82.9) 1 (reference)

MedStar Health 89.6 (85.9–93.2) 1.12 (1.06–1.18) <0.001

Columbia 98.9 (98.2–99.6) 1.23 (1.19–1.27) <0.001

a Adjusted relative risks (aRR) were estimated from a modified multivariable Poisson regression including race, age, sex, insurance type, stroke type, and
patient type, and site-specific effects were accounted using a multilevel model.
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Services, supported this expansion.5 Inevitably, as the pandemic
spread across the country and telemedicine became a routine
part of outpatient practice, institutions across the country

developed outpatient infrastructure for telemedicine and we
believe our data support the need for continued growth of this
infrastructure fostered by federal and state legislation.

Table 3 Factors Associated With Video Use Among Telemedicine Users

Factors Percentage of TM use Unadjusted RR p Value Adjusted RRa p Value

Overall 84.8 (80.6–89.1)

Age

<45 93.7 (90.9–96.5) 1 (reference) 1 (reference)

45-54 85.1 (80.7–89.5) 0.91 (0.86–0.96) 0.001 0.91 (0.89–0.94) <0.001

55-64 83.8 (80.2–87.5) 0.89 (0.85–0.94) <0.001 0.90 (0.84–0.96) 0.002

65-74 85.2 (81.8–88.5) 0.91 (0.86–0.95) <0.001 0.92 (0.89–0.94) <0.001

75+ 79.4 (75.6–83.2) 0.85 (0.80–0.90) <0.001 0.86 (0.80–0.92) <0.001

Sex

Male 86.7 (84.5–89.0) 1 (reference) 1 (reference)

Female 83.1 (80.8–85.5) 0.96 (0.92–1.00) 0.032 0.96 (0.93–1.01) 0.092

Race/ethnicity

Non-Hispanic White 89.2 (87.1–91.4) 1 (reference) 1 (reference)

Non-Hispanic Black 76.3 (72.5–80.2) 0.86 (0.81–0.90) <0.001 0.88 (0.86–0.91) <0.001

Hispanic 81.2 (76.5–85.8) 0.91 (0.86–0.97) 0.003 0.92 (0.87–0.98) 0.005

Non-Hispanic Asian 88.5 (81.4–95.6) 0.99 (0.91–1.08) 0.84 0.98 (0.89–1.07) 0.59

Other/unknown 91.4 (87.2–95.6) 1.02 (0.97–1.08) 0.37 1.00 (0.95–1.05) 0.91

Insurance

Private 89.5 (87.5–91.6) 1 (reference) 1 (reference)

Medicare 82.8 (79.9–85.7) 0.92 (0.89–0.96) <0.001 0.95 (0.92–0.99) 0.025

Medicaid 75.4 (70.3–80.4) 0.84 (0.78–0.90) <0.001 0.86 (0.81–0.91) <0.001

Uninsured 87.1 (75.3–98.9) 0.97 (0.85–1.12) 0.69 1.01 (0.91–1.12) 0.91

Patient type

Established patient 83.1 (80.8–85.3) 1 (reference) 1 (reference)

New patient 87.4 (85.0–89.8) 1.05 (1.01–1.09) 0.009 1.06 (0.93–1.20) 0.39

Type of stroke

Ischemic stroke 82.5 (80.2–84.7) 1 (reference) 1 (reference)

Hemorrhagic stroke 84.8 (80.3–89.3) 1.03 (0.97–1.09) 0.36 1.03 (0.98–1.07) 0.21

TIA 86.6 (81.5–91.7) 1.05 (0.98–1.12) 0.14 1.02 (0.99–1.05) 0.30

Other 92.2 (89.1–95.2) 1.12 (1.07–1.17) <0.001 1.06 (1.02–1.11) 0.003

Site

UTHealth 82.7 (79.9–85.5) 1 (reference)

MedStar Health 71.0 (65.2–76.7) 0.86 (0.79–0.94) 0.001

Columbia 90.4 (88.5–92.4) 1.09 (1.05–1.14) <0.001

a Adjusted relative risks (aRR) were estimated from a modified multivariable Poisson regression including race, age, sex, insurance type, stroke type, and
patient type, and site-specific effects were accounted using a multilevel model.
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However, with any new health care delivery model, it is im-
portant to establish that care is equitable, especially among
clinically higher risk groups. In this study, we found patients
in groups at higher risk for poor outcomes after stroke, in-
cluding those of older age, Black or Hispanic race/ethnicity,
and those with Medicaid, had lower VTM use. Race and
ethnicity distribution were significantly different among sites
in our study, but this finding did not affect our results overall
as demonstrated in the sensitivity analysis by site with con-
sistently lower use of video telemedicine among Black and
Hispanic patients. Disparities by race and ethnicity are im-
portant to examine to drive improved access to care and
health outcomes.9,18,19 Projected increases in stroke preva-
lence vary by racial and ethnic category, with the largest rises
expected in men and women of Hispanic ethnicity and Black
race.20 Stroke incidence and recurrence also vary by race.21,22

Black and Hispanic patients have higher risk of stroke than
non-Hispanic White patients.23-26 Factors that contribute to
health inequities include structural factors including access
to education, income, wealth, and structural racism and ev-
eryday discrimination which may translate to lower health
literacy, lower access to care, poor medication adherence and
result in suboptimal control of risk factors, and adverse
stroke outcomes.27 Where health disparities in stroke already
exist, it is important to examine outpatient telemedicine
practice for indications of these inequities at the onset of
these services with the pandemic.

There are several potential barriers to video telemedicine use
in patients with stroke and cerebrovascular diseases. Video
visits in the outpatient setting require access and ready use of
technology by patients and/or caregivers. Older adults and
groups with poorer health literacy and limited English pro-
ficiency are most likely to have limited digital literacy and
access.28 We found lower utilization of video telemedicine
among older individuals perhaps because they may not be
comfortable with telemedicine because of lack of experience
or access. However, since the COVID-19 pandemic began, a
recent survey among 2000 adults aged 50–80 years suggests
fewer concerns about trying telemedicine among older
adults especially among those with prior telemedicine vis-
its.29 We also found lower TM utilization among those with
Medicaid, which has been shown in previous studies in other
populations.30 Among the general US population, the pro-
portion of Black households who have access to computers
(desktop/laptop, smartphone, or tablet) and internet con-
nectivity is uniformly and disproportionately lower, com-
pared with White households.31 However, Pew Research
Center32 data suggest that in 2021, internet use did not differ
significantly by race (93% White, 95% Hispanic, and 91%
Black respondents). Furthermore, among stroke patients
and their caregivers, internet access has been reported as
comparable with the general population.33 However, persons
residing in poorer, often non-White areas have been reported
to suffer from greatly reduced internet speeds compared with
their more affluent peers although they pay the same nom-
inal fees for internet services.34 These considerable gaps in

effective connectivity may play a role in disparities in tele-
medicine adoption. As we consider the various barriers to
improved access, evidence suggests that by providing more
options for care, access can be improved.35,36 Our results
highlight opportunities for equitable utilization of tele-
medicine among patients with stroke and cerebrovascular
disease.

As the world continues to adapt to successive waves of the
pandemic, telemedicine remains an active component of
outpatient stroke care for all 3 centers. Policies to expand
services among stroke survivors should be informed by the
factors that can affect access to this relatively new health care
delivery model. Understanding barriers to telemedicine ac-
cess and utilization can advance services and increase options
for care. Furthermore, as these systems evolve to enhance
data security and patient privacy, with sustained technical
support and ease of use, acceptability of these networks can
continue to grow.

Our study has several limitations inherent in its retrospective
design. Although every attempt was made to verify race/
ethnicity as self-reported in EMR documentation, this may
not be as reliable as prospective data collection. For instance,
data captured in the records to conduct this study may only
characterize patients’ sex as a biological attribute or might
not adequately disambiguate sex from gender as a socially
constructed identity. Therefore, persons who are trans-
gender or gender nonbinary may have been inadvertently
excluded or poorly categorized in this analysis. For that
reason, we report sex disparities and use terms “male and
female” in this report. To our best knowledge, the in-
formation in electronic records was self-reported. There was
potential for misclassification of video vs phone visits, as in
when a visit was scheduled as video but completed as tele-
phone. In this instance, we verified scheduled visits with
chart notes and reported these as they were conducted. Al-
though interpreters or language line services were available at
all sites, language barriers may have still contributed to ob-
serve disparities and this should be explored further in future
studies. We only examined disparities early during the pan-
demic, and it is possible that access has changed with in-
creased familiarity and availability of services. It may be
difficult to make meaningful statements about long-term
disparities. However, as persistent racial, ethnic, and socio-
economic disparities in digital literacy, access to internet
services, and patient portal use have been demonstrated
throughout the pandemic, it would be expected that dis-
parities in telemedicine use and access would persist. Fur-
thermore, these findings highlight how disparities emerge
when a new approach to care delivery and new medical
technologies are implemented and the importance of eval-
uating the impact of new models of care on existing dispar-
ities. Additional investigation into factors of TM visit
adherence including posthospitalization follow-up adher-
ence is warranted to understand the utility of telemedicine as
a vehicle of transitional care delivery. We also did not
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examine other associations such as the level of disability or
cognitive impairment or willingness of patients to allow for
video encounters. Furthermore, we did not examine the com-
plex relationships of social determinants of health (such as
physical environment, social support, and economic stability)
and TM access. Despite these limitations, our findings remain
robust as we included data from 3 different comprehensive
stroke center–associated clinics across the country serving di-
verse populations. Public health efforts to address the causes of
these disparities in telemedicine-delivered outpatient care are
urgently needed as the pandemic continues.

In our diverse cohort, we found substantial differences in TM
visit type by race and insurance, with overall higher utilization
among established patients. These findings suggest dispar-
ities in VTM access among patients at risk for poor outcomes
after stroke. As VTM becomes more integral to outpatient
practice, steps to ensure equitable access are essential, and we
need further studies now given that the pandemic continues
to interrupt health services across the globe. We urge the
health care and research communities to formally assess the
barriers to adoption of this new health care delivery model
and develop patient-centered solutions to improve health
equity for patients with stroke and cerebrovascular diseases.
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TAKE-HOME POINTS

During the early period of the pandemic, tele-
medicine use accounted for 90% of all outpatient
stroke clinic visits.

Inequities were noted among Black and Hispanic
patients and those with Medicaid insurance with
lower video telemedicine use.

Time to implementation, site practices in types of
visits offered, and barriers in transition to telehealth
during the pandemic contributed to differences in
utilization among sites.

Appendix Authors

Name Location Contribution

Imama A. Naqvi,
MD

Department of Neurology,
Division of Stroke and
Cerebrovascular Diseases,
Vagelos College of
Physicians and Surgeons,
Columbia University, New
York City, NY

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
analysis or interpretation
of data

Audrey S. Cohen, BS Department of
Neurology and Institute
for Stroke and
Cerebrovascular
Disease, McGovern
Medical School, The
University of Texas
Health Science Center at
Houston, TX

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
analysis or interpretation
of data

Youngran Kim, PhD Department ofNeurology
and Institute for Stroke
and Cerebrovascular
Disease, McGovern
Medical School, The
Universityof TexasHealth
Science Center at
Houston, TX; Current
affiliation: Department of
Management, Policy, and
Community Health,
School of Public Health,
The University of Texas
Health Science Center at
Houston, TX

Drafting/revision of the
manuscript for content,
including medical writing
for content; analysis or
interpretation of data

Jennifer Harris, MD Department of
Neurology, Division of
Stroke and
Cerebrovascular Disease,
Cedar-Sinai Medical
Center, Los Angeles, CA

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data

Mary Carter Denny,
MD, MPH

Department of
Neurology, Georgetown
University Medical Center
andMedStarGeorgetown
University Hospital,
Washington, DC

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data

Kevin Strobino, MS Department of Neurology,
Division of Stroke and
Cerebrovascular Diseases,
Vagelos College of
Physicians and Surgeons,
Columbia University, New
York City, NY

Analysis or
interpretation of data

8 Neurology: Clinical Practice | Volume 13, Number 2 | April 2023 Neurology.org/CP

https://cp.neurology.org/lookup/doi/10.1212/CPJ.0000000000200148
http://neurology.org/cp


References
1. Keesara S, Jonas A, Schulman K. Covid-19 and health care’s digital revolution.NEngl J

Med. 2020;382(23):e82. doi:10.1056/nejmp2005835
2. Hick JL, Biddinger PD. Novel coronavirus and old lessons - preparing the

health system for the pandemic. N Engl J Med. 2020;382(20):e55. doi:10.1056/
nejmp2005118

3. HealthIT.gov. What is telehealth? 2019. Accessed October 15, 2021. telehealthresource-
center.org/wp-content/uploads/2019/01/Framing-Telehealth-Jan.-2019.pdf.

4. HealthIT gov. What is telehealth? How is telehealth different from telemedicine? Accessed
October 15, 2021. healthit.gov/faq/what-telehealth-how-telehealth-different-telemedicine.

5. U.S. Centers for Medicare &Medicaid Services; CoronavirusWaivers & Flexibilities. 2020.
6. Dorsey ER, Glidden AM, Holloway MR, Birbeck GL, Schwamm LH. Teleneurology

and mobile technologies: the future of neurological care. Nat Rev Neurol. 2018;14(5):
285-297. doi:10.1038/nrneurol.2018.31

7. Duncan PW, Bushnell C, Sissine M, et al. Comprehensive stroke care and out-
comes: time for a paradigm shift. Stroke 2021;52(1):385-393. doi:10.1161/
strokeaha.120.029678

8. Woolf SH, Johnson RE, Fryer GE, Rust G, Satcher D. The health impact of resolving
racial disparities: an analysis of US mortality data. Am J Public Health. 2004;94(12):
2078-2081. doi:10.2105/ajph.94.12.2078

9. Levine DA, Duncan PW,Nguyen-HuynhMN,Ogedegbe OG. Interventions targeting
racial/ethnic disparities in stroke prevention and treatment. Stroke 2020;51(11):
3425-3432. doi:10.1161/strokeaha.120.030427

10. Ajinkya S, Almallouhi E, Turner N, Al Kasab S, Holmstedt CA. Racial/ethnic dis-
parities in acute ischemic stroke treatment within a telestroke network. Telemed E-
Health. 2020;26(10):1221-1225. doi:10.1089/tmj.2019.0127

11. Gately ME, Tickle-Degnen L, Trudeau SA, Ward N, Ladin K, Moo LR. Caregiver
satisfaction with a video telehealth home safety evaluation for dementia. Int J Tele-
rehabil. 2020;12(2):35-42. doi:10.5195/ijt.2020.6337

12. Zou G. A modified Poisson regression approach to prospective studies with binary
data. Am J Epidemiol. 2004;159(7):702-706. doi:10.1093/aje/kwh090

13. Hollander JE and Carr BG, Virtually perfect? Telemedicine for covid-19.NEngl J Med.
2020. 382(18): 1679-1681. doi:10.1056/nejmp2003539

14. Voils CI, Venne VL, Weidenbacher H, Sperber N, Datta S. Comparison of telephone
and televideo modes for delivery of genetic counseling: a randomized trial. J Genet
Couns. 2018;27(2):339-348. doi:10.1007/s10897-017-0189-1

15. Powell RE, Henstenburg JM, Cooper G, Hollander JE, Rising KL. Patient perceptions
of telehealth primary care video visits. Ann Fam Med. 2017;15(3):225-229. doi:
10.1370/afm.2095

16. Shafqat S, Kvedar JC, Guanci MM, Chang Y, Schwamm LH. Role for telemedicine in
acute stroke. Feasibility and reliability of remote administration of the NIH stroke
scale. Stroke 1999;30(10):2141-2145. doi:10.1161/01.str.30.10.2141

17. Strowd RE, Strauss L, Graham R, et al. Rapid implementation of outpatient tele-
neurology in rural appalachia: barriers and disparities. Neurol Clin Pract. 2021;11(3):
232-241. doi:10.1212/cpj.0000000000000906

18. Schwamm LH, Reeves MJ, Pan W, et al. Race/ethnicity, quality of care, and out-
comes in ischemic stroke. Circulation 2010;121(13):1492-1501. doi:10.1161/
circulationaha.109.881490

19. Kim Y, Sharrief A, Kwak JM, et al. Underutilization of endovascular therapy in black
patients with ischemic stroke: an analysis of state and nationwide cohorts. Stroke 2022:
53(3):855-863. doi:10.1161/STROKEAHA.121.035714

20. Ovbiagele B, Goldstein LB, Higashida RT, et al. Forecasting the future of stroke
in the United States: a policy statement from the American Heart association
and American stroke association. Stroke 2013;44(8):2361-2375. doi:10.1161/
str.0b013e31829734f2

21. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke statistics-2016
update: a report from the American Heart association. Circulation 2016;133(4):
e38-e360. doi:10.1161/CIR.0000000000000350

22. Cruz-Flores S, Rabinstein A, Biller J, et al. Racial-ethnic disparities in stroke care: the
American experience: a statement for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke 2011;42(7): 2091-2116. doi:
10.1161/str.0b013e3182213e24

23. Sacco RL, Boden-Albala B, Gan R, et al. Stroke incidence among white, black, and
Hispanic residents of an urban community: the Northern Manhattan Stroke Study.
Am J Epidemiol. 1998;147(3):259-268. doi:10.1093/oxfordjournals.aje.a009445

24. Churchwell K, Elkind MSV, Benjamin RM, et al. Call to action: structural racism
as a fundamental driver of health disparities: a presidential advisory from the
American Heart association. Circulation 2020;142(24): e454-e468. doi:10.1161/
cir.0000000000000936

25. Gee GC, Ford CL. Structural racism and health inequities: old issues, new directions.
Du Bois Rev. 2011;8(1):115-132. doi:10.1017/s1742058x11000130

26. Skolarus LE, Sharrief A, Gardener H, Jenkins C, Boden-Albala B. Considerations
in addressing social determinants of health to reduce racial/ethnic disparities in
stroke outcomes in the United States. Stroke 2020;51(11):3433-3439. doi:10.1161/
strokeaha.120.030426

27. Gutierrez J, Williams OA. A decade of racial and ethnic stroke disparities in the United
States. Neurology 2014;82(12):1080-1082. doi:10.1212/wnl.0000000000000237

28. Nouri SS, Avila-Garcia P, Cemballi AG, Sarkar U, Aguilera A, Lyles CR. Assessing
mobile phone digital literacy and engagement in user-centered design in a diverse,
safety-net population: mixed methods study. JMIR Mhealth Uhealth. 2019;7(8):
e14250. doi:10.2196/14250

29. Buis LSD, Solway E, KirchM, Kullgren J, Malani P. Telehealth use among older adults
before and during COVID-19. University of Michigan National Poll on Healthy
Aging; 2020. Accessed October 14, 2021. healthyagingpoll.org/reports-more/report/
telehealth-use-among-older-adults-and-during-covid-19.

30. Xiong G, Greene NE, Lightsey HM, et al. Telemedicine use in orthopaedic surgery
varies by race, ethnicity, primary language, and insurance status. Clin Orthop Relat Res.
2021;479(7):1417-1425. doi:10.1097/corr.0000000000001775

Appendix (continued)

Name Location Contribution

Nathan Bicher, MD Department of
Neurology, Georgetown
University Medical
Center and MedStar
Georgetown
University Hospital,
Washington, DC

Major role in the
acquisition of data

Ryan A. Leite, BS Department of
Neurology, Georgetown
University Medical
Center and MedStar
Georgetown
University Hospital,
Washington, DC

Major role in the
acquisition of data

Dylan Sadowsky, BS Department of
Neurology, Georgetown
University Medical
Center and MedStar
Georgetown University
Hospital, Washington,
DC

Major role in the
acquisition of data

Comfort Adegboye,
BS

Howard University,
Washington, DC

Major role in the
acquisition of data

Nnedinma Okpala,
MPH, MHS

Department of
Neurology and Institute
for Stroke and
Cerebrovascular
Disease, McGovern
Medical School, The
University of Texas
Health Science Center at
Houston, TX

Study concept or design

Munachi Okpala,
DNP-C, MBA, MSN

Department of
Neurology and Institute
for Stroke and
Cerebrovascular
Disease, McGovern
Medical School, The
University of Texas
Health Science Center at
Houston, TX

Major role in the
acquisition of data

Sean I. Savitz, MD Department of
Neurology and Institute
for Stroke and
Cerebrovascular
Disease, McGovern
Medical School, The
University of Texas
Health Science Center at
Houston, TX

Drafting/revision of the
manuscript for content,
including medical writing
for content

Randolph S.
Marshall, MD, MS

Department of
Neurology, Division of
Stroke and
Cerebrovascular
Diseases, Vagelos
College of Physicians and
Surgeons, Columbia
University, New York
City, NY

Drafting/revision of the
manuscript for content,
including medical writing
for content

Anjail Sharrief, MD,
MPH

Department of
Neurology and Institute
for Stroke and
Cerebrovascular
Disease, McGovern
Medical School, The
University of Texas
Health Science Center at
Houston, TX

Drafting/revision of the
manuscript for content,
including medical writing
for content; study
concept or design

Neurology.org/CP Neurology: Clinical Practice | Volume 13, Number 2 | April 2023 9

https://www.telehealthresourcecenter.org/wp-content/uploads/2019/01/Framing-Telehealth-Jan.-2019.pdf
https://www.telehealthresourcecenter.org/wp-content/uploads/2019/01/Framing-Telehealth-Jan.-2019.pdf
https://www.healthit.gov/faq/what-telehealth-how-telehealth-different-telemedicine
https://www.healthyagingpoll.org/reports-more/report/telehealth-use-among-older-adults-and-during-covid-19
https://www.healthyagingpoll.org/reports-more/report/telehealth-use-among-older-adults-and-during-covid-19
http://neurology.org/cp


31. Federal Communications Commission. Broadband Deployment Report; 2019.
Accessed August 17, 2020. fcc.gov/reports-research/reports/broadband-progress-
reports/2019-broadband-deployment-report.

32. Pew Research Center. Internet/Broadband Fact Sheet; 2021. Accessed October 15,
2021. pewresearch.org/internet/fact-sheet/internet-broadband/?menuItem=d5edf003-
5858-4269-89c5-f2889ecf7951.

33. Naqvi IA,Montiel TC, Bittar Y, et al. Internet access and usage among stroke survivors
and their informal caregivers: cross-sectional study. JMIR Form Res. 2021;5(3):
e25123. doi:10.2196/25123

34. Markup T. Depending on Where You Live. The Internet AT&T Offers You may be Faster or
Slower; 2022. Accessed January 12, 2022. themarkup.org/still-loading/2022/10/19/dollars-
to-megabits-you-may-be-paying-400-times-as-much-as-your-neighbor-for-internet-service.

35. Uscher-Pines L, Malsberger R, Burgette L, Mulcahy A, Mehrotra A. Effect of
teledermatology on access to dermatology care among Medicaid
enrollees. JAMA Dermatol. 2016;152(8):905-912. doi:10.1001/
jamadermatol.2016.0938

36. Uscher-Pines L and Mehrotra A. Analysis of Teladoc use seems to indicate expanded
access to care for patients without prior connection to a provider. Health Aff. 2014;
33(2): 258-264. doi:10.1377/hlthaff.2013.0989

How to cite this article: Naqvi IA, Cohen AS, Kim Y, Harris J, Denny MC,. Inequities
in telemedicine use among patients with stroke and cerebrovascular diseases: A
tricenter cross-sectional study. Neurol Clin Pract. 2023;13(2):e200148. doi: 10.1212/
CPJ.0000000000200148.

10 Neurology: Clinical Practice | Volume 13, Number 2 | April 2023 Neurology.org/CP

https://www.fcc.gov/reports-research/reports/broadband-progress-reports/2019-broadband-deployment-report
https://www.fcc.gov/reports-research/reports/broadband-progress-reports/2019-broadband-deployment-report
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/?menuItem=d5edf003-5858-4269-89c5-f2889ecf7951
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/?menuItem=d5edf003-5858-4269-89c5-f2889ecf7951
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/?menuItem=d5edf003-5858-4269-89c5-f2889ecf7951
https://themarkup.org/still-loading/2022/10/19/dollars-to-megabits-you-may-be-paying-400-times-as-much-as-your-neighbor-for-internet-service
https://themarkup.org/still-loading/2022/10/19/dollars-to-megabits-you-may-be-paying-400-times-as-much-as-your-neighbor-for-internet-service
http://dx.doi.org/10.1212/CPJ.0000000000200148
http://dx.doi.org/10.1212/CPJ.0000000000200148
http://neurology.org/cp


DOI 10.1212/CPJ.0000000000200148
2023;13; Neurol Clin Pract 

Imama A. Naqvi, Audrey S. Cohen, Youngran Kim, et al. 
Diseases: A Tricenter Cross-sectional Study

Inequities in Telemedicine Use Among Patients With Stroke and Cerebrovascular

This information is current as of March 14, 2023

Services
Updated Information &

 http://cp.neurology.org/content/13/2/e200148.full.html
including high resolution figures, can be found at:

References
 http://cp.neurology.org/content/13/2/e200148.full.html##ref-list-1

This article cites 29 articles, 8 of which you can access for free at: 

Subspecialty Collections

 http://cp.neurology.org//cgi/collection/underserved_populations
Underserved populations

 http://cp.neurology.org//cgi/collection/health_disparities
Health disparities

 http://cp.neurology.org//cgi/collection/all_health_services_research
All Health Services Research

 oke
http://cp.neurology.org//cgi/collection/all_cerebrovascular_disease_str
All Cerebrovascular disease/Stroke
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://cp.neurology.org/misc/about.xhtml#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://cp.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

reserved. Print ISSN: 2163-0402. Online ISSN: 2163-0933.
Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights
since 2011, it is now a bimonthly with 6 issues per year. Copyright Copyright © 2023 The Author(s). 

is an official journal of the American Academy of Neurology. Published continuouslyNeurol Clin Pract 

http://cp.neurology.org/content/13/2/e200148.full.html
http://cp.neurology.org/content/13/2/e200148.full.html##ref-list-1
http://cp.neurology.org//cgi/collection/all_cerebrovascular_disease_stroke
http://cp.neurology.org//cgi/collection/all_cerebrovascular_disease_stroke
http://cp.neurology.org//cgi/collection/all_health_services_research
http://cp.neurology.org//cgi/collection/health_disparities
http://cp.neurology.org//cgi/collection/underserved_populations
http://cp.neurology.org/misc/about.xhtml#permissions
http://cp.neurology.org/misc/addir.xhtml#reprintsus

