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ABSTRACT: Telehealth has seen rapid expansion into chronic care management in the past 3 years because of the COVID-19 
pandemic. Telehealth for acute care management has expanded access to equitable stroke care to many patients over the 
past two decades, but there is limited evidence for its benefit for addressing disparities in the chronic care of patients living 
with stroke. In this review, we discuss advantages and disadvantages of telehealth use for the outpatient management of 
stroke survivors. Further, we explore opportunities and potential barriers for telehealth in addressing disparities in stroke 
outcomes related to various social determinants of health. We discuss two ongoing large randomized trials that are utilizing 
telehealth and telemonitoring for management of blood pressure in diverse patient populations. Finally, we discuss strategies 
to address barriers to telehealth use in patients with stroke and in populations with adverse social determinants of health.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Telemedicine has been essential to efficient, accessible 
acute stroke care for decades.1 Through expansion of 
reimbursement through the Furthering Access to Stroke 

Telemedicine (FAST) Act, and inclusion of telemedicine in 
the response to the COVID-19 public health emergency, 
the utility and availability of telehealth has been expanded 
across the continuum of stroke care. However, widespread 
use has highlighted both benefits and barriers to use for 
addressing disparities in care. While acute stroke evaluation 
via telemedicine may alleviate disparities in stroke care,2,3 
ambulatory telemedicine is less widely used by underserved 
populations including Medicaid, low-income, rural, Black, 
and low English proficiency patients across multiple studies 
both before and during the pandemic.4–6

See related articles, p 374, p 379, p 386, p 407

Trials evaluating the use of telestroke have traditionally 
focused on the acute stroke evaluation. In-hospital out-
comes are easily evaluated in acute telestroke, and trials 
have shown increased thrombolytic use and support for 
development of inpatient stroke units.7 There are very few 
studies that have looked at long-term clinical outcomes 

after telestroke evaluation, but there appears to be no 
significant difference in mortality or functional status at 
6 months compared to in-person stroke care.8,9 Use of 
ambulatory telemedicine in multiple neurologic subspecial-
ties has demonstrated diagnostic accuracy and similar or 
increased patient and caregiver satisfaction compared to 
in-person visits, but clinical outcomes have been lacking.10

A recently published review, Moving Towards Equity 
with Digital Health Innovations for Stroke Care, provided an 
overview of the use of digital health technologies across 
the continuum of stroke care, from primary prevention to 
stroke recovery.11 Authors review potential benefits and 
barriers to equity, and provide examples of digital health 
solutions for each phase of stroke care using clinical 
vignettes. In this article, we delve further into the current 
evidence and ongoing trials addressing health equity in 
telehealth delivery to stroke survivors, with an emphasis 
on early poststroke care and chronic care for second-
ary stroke prevention. We use a broad view of telehealth, 
but focus on care delivery through virtual and telephonic 
care, asynchronous care, and digital tools involved in the 
care of chronic illness. We begin with a discussion of 
the impact of telehealth on disparities in acute stroke 
care and transition to a discussion of telehealth use for 
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the ambulatory management of patients with neurologic 
and non-neurologic chronic disease. We follow this with 
a discussion of advantages and barriers to telehealth 
in stroke survivors, while highlighting factors related to 
racial, ethnic, socioeconomic, and urban/rural dispari-
ties in stroke outcomes. We review specific ongoing tri-
als in stroke populations and conclude with a discussion 
of strategies to address barriers in telehealth use for 
chronic stroke care.

TELEHEALTH AND DISPARITIES IN ACUTE 
STROKE CARE
Racial disparities in acute stroke care have been observed 
as delays in treatment times and lower rates of throm-
bolysis and underutilization of mechanical thrombectomy 
in Black and Hispanic adults compared to Non-Hispanic 
White adults.12–14 Data suggest that organized systems 
of care reduce disparities in stroke care.15 Telestroke has 
been shown to improve overall access to acute stroke 
therapies for groups with lower access, however recent 
studies on the impact of telestroke on racial disparities in 
acute stroke care have shown mixed results. In a recent 
large retrospective study of rates of thrombolysis and 
thrombectomy within a telestroke network, there were no 
racial disparities in access to acute therapies nor delays 
in care when time to treatment metrics were analyzed.3 
A similar retrospective review of a different telestroke 
network, however, found that White stroke patients were 
more likely than Black stroke patients to receive throm-
bolysis and among those treated with thrombolytics, 
White patients were more likely to have shorter door to 
needle times.16 It is still unclear if telehealth can address 
health equity, or if it can widen disparities in some 
instances. Lyerly et al2 published the results of a study 
of statewide access to acute stroke care and found that 
adding telestroke services increased access to acute 
care for all racial groups while not worsening any racial 
disparities in access to primary stroke centers. As recent 
research has focused on the causes of racial disparities 
in stroke outcomes, large studies are still needed to con-
firm a positive impact of telestroke in this area.

Few studies have reported on the impact of telestroke 
on gender disparities in acute stroke care. Women have 
been reported to have lower rates of treatment with acute 
stroke therapies. However, studies in multiple telestroke 
networks have shown no difference in acute treatment 
between sexes.17,18

Expansion of telestroke has been expected to address 
geographic disparities, particularly for rural communities. 
Seabury et al19 conducted a study on system factors 
associated with disparities in stroke care in metropoli-
tan and non-metropolitan hospitals. They simulated the 
impact of incorporating telemedicine services into care 
at a rural hospital and concluded that telemedicine would 
likely improve rates of thrombolytic administration. Similar 

findings were published from the REACH-MUSC study, 
which showed increased access to thrombolytic therapy 
after initiation of a telestroke network in rural regions.20

Taken together, the available data suggest that 
telestroke has increased access to acute stroke care 
for populations at risk for poor outcomes. To our knowl-
edge, no studies have shown an increase in treatment 
disparities with acute telestroke and some have shown 
mitigation of racial disparities. Beyond the use of tele-
medicine for acute stroke care, the use of telehealth 
applications for expanding access to other aspects 
of stroke patient care and for reducing disparities in 
stroke outcomes has been under-studied. Evidence for 
use and potential benefits of telehealth for ambulatory 
stroke care can be gathered from data in other popula-
tions, as discussed in the next section.

TELEHEALTH IN OTHER CHRONIC 
DISEASES
During the COVID-19 pandemic, telehealth emerged as 
a potential solution for expanding access to ambula-
tory care for patients with chronic diseases. However, 
telehealth use for chronic disease management has 
existed for many years, with the best example being 
in the US Veteran’s Health Administration Telehealth 
service program.21 More than 70 000 veterans receive 
primary and specialty care through this program, which 
has been previously cited as one of the world’s largest 
telehealth programs. Here we sought to evaluate evi-
dence for benefit of ambulatory telehealth care within 
and outside of the Veteran’s Health Administration in 
heart failure (HF), diabetes (DM), Parkinson’s disease 
(PD), and neurocognitive disorders.

Some of the most robust data for use of telehealth 
to improve outcomes in chronic disease populations 
comes from the HF literature. A 2020 network meta-
analysis of 29 randomized controlled trials (RCTs) and 
nearly 11 000 participants compared effectiveness of 
telemedicine (telemonitoring or structured telephone 
support with interactive vocal response) to standard 
care in adults with HF and found that telemedicine 
was more effective than standard care for reducing all-
cause and cardiac-related hospitalization, and all-cause 
mortality.22 While trials addressing health disparities are 
sparse, some trials have focused on primarily Black and/
or Hispanic populations. A randomized trial compared 
telehealth self-management to standard outpatient man-
agement in 104 Black and Hispanic patients living with 
heart failure and found no significant between-group 
differences for 90-day health care utilization, quality of 
life (QoL), or depression.23 In a multicenter randomized 
controlled trials focused on patients wit acute HF dis-
charged directly from the ED, 63% of participants were 
Blacks, and 77% of participants were considered “vul-
nerable” according to race/ethnicity, health literacy, or 
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socioeconomic disadvantage.24 The telehealth interven-
tion added self-care coaching sessions via telephone to 
the usual care received by the control group. While there 
were no significant between-group differences in the pri-
mary outcome (composite of cardiovascular death and 
HF-related events, and health status/QoL) at 90 days, 
at 30 days the intervention group demonstrated signifi-
cantly better composite scores and health status/QoL in 
comparison to the control group.24

Telehealth interventions for DM primarily focus on 
self-management of glycemic control. A systematic 
review and meta-analysis, which included an analysis of 
29 unique RCTs from four systematic reviews, concluded 
that compared to standard care, telehealth interventions 
resulted in small but significant improvements in HbA1c 
levels.25 Heitkemper et al26 conducted another system-
atic review (n=13 RCTs) and meta-analysis (10 RCTs) of 
the impact of health information technology interventions 
on glycemic control in medically underserved adults with 
DM (74% racial-ethnic minorities). They reported small 
but statistically significant improvements in glycemic 
control at 6 months that diminished but remained sig-
nificant at 12 months. These improvements were similar 
in the in-person treated patients. Of the remote technol-
ogy-based interventions, those that included interactive 
telemedicine were most effective.26

In consideration of poststroke sequelae of impaired 
mobility and cognition, we examined evidence regarding 
telehealth usage in PD and neurocognitive disorders.

For PD, a 12-month long study with 195 individuals 
compared four telehealth-based neurologist virtual vis-
its (in addition to usual care) with usual care for primary 
outcomes of PD-specific QoL and feasibility. While the 
trial was deemed feasible, saving time and travel for par-
ticipants, the there was no significant difference between 
groups for the QoL measure (MD=0.3 [95% CI, −2.0 to 
2.7]; P=0.78). In a sample of US military veterans (n=90) 
with PD and depression, the virtual cognitive behav-
ioral therapy group demonstrated statistically significant 
improvements in depression measures compared to 
usual care.27 These improvements were evident imme-
diately after the 10 weeks of the intervention and were 
sustained at 6-month follow-up.27 While racial and ethnic 
disparities in PD management have been reported, we 
did not find any trials focused on addressing health dis-
parities, or trials conducted in primarily medically under-
served populations.28,29

Remote assessments for neurocognitive disorders 
with instruments such as the Telephone Interview for 
Cognitive Status, Montreal Cognitive Assessment, the 
Mini-mental State Examination, and the Boston Nam-
ing Test have demonstrated feasibility and utility.30,31 A 
2021 Cochrane review, which included 3 studies and 
a total of 136 participants, found that compared with 
face-to-face assessment, telehealth assessment dem-
onstrated accuracy (sensitivity and specificity ≥0.80) 

for diagnosing dementia and mild cognitive impairment 
(sensitivity 0.71, specificity 0.73), but estimates for both 
diagnoses were considered imprecise due to risk of 
bias, small sample sizes, and heterogeneity between 
studies.32 Similar results regarding telehealth assess-
ment accuracy and reliability have been reported in 2 
additional systematic reviews with meta-analyses, while 
also noting similar limitations including heterogeneity 
of data,30 and the need for further studies comparing 
telephone to face-to-face assessments.31 High-speed 
network connections are associated with improved 
accuracy,30 while tests that have a motor component 
(eg, Mini-mental State Examination, Clock Drawing 
Tests) may negatively impact accuracy when compared 
to tests with only verbal responses.30 Other barriers 
include participant sensory impairment, lack of techno-
logical access or literacy, and loss of nonverbal cues, 
especially for telephone assessments.31

Telehealth is increasingly used in the ambulatory man-
agement of patients with neurologic and non-neurologic 
chronic diseases. While several studies across chronic 
disease states show either no differences or improve-
ments in outcomes with use of telehealth compared to 
in-person care, there have been few studies focused on 
addressing health inequities in populations at highest 
risk for poor outcomes. Future studies in these chronic 
disease populations should be conducted in socially 
high-risk populations to determine whether telehealth 
can be useful for expanding access to and decreasing 
disparities in racial and ethnic groups.

POTENTIAL ADVANTAGES OF 
TELEHEALTH FOR POSTSTROKE CARE
Despite decreased stroke incidence over the past two 
decades, aging of the US population and declines in 
stroke mortality are expected to lead to an increase in 
stroke prevalence in the coming years.33 By the year 
2030, it is projected that nearly 4% of the US popula-
tion will have had a stroke.34 The prevalence of stroke is 
expected to increase most dramatically in Hispanic and 
Black groups in the United States.34 With these projected 
increases in stroke prevalence, the remaining extensive 
gaps in approaches to transitions of care, early post-hos-
pital care, and chronic care of stroke survivors become 
even more important. Ninety-day readmission rates fol-
lowing acute stroke are as high as 23.4% for patients 
discharged home following acute inpatient rehabilitation 
and 19.6% for patients discharged home with home 
health.35 Stroke risk factors, including hypertension, atrial 
fibrillation, diabetes, and dyslipidemia remained inappro-
priately managed or poorly controlled for many stroke sur-
vivors, leading to increased risk for recurrent stroke.36–39 
Stroke sequelae, including physical disability, depression 
and anxiety, cognitive impairment and sleep disorders 
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profoundly impact quality of life in stroke survivors, yet 
are often underrecognized and undertreated.40–42 Racial 
and ethnic disparities exist in the control of each of the 
aforementioned stroke risk factors, as well as stroke 
recurrence and stroke morbidity.43–51 Novel interventions 
are urgently needed to address these extensive gaps in 
care.

The use of telehealth in transitional care and post-
stroke care has potential to address gaps of care in 
stroke survivors who may face unique challenges com-
pared with other patients with chronic disease (Table 1). 
The same stroke sequelae that impact quality of life in 
stroke survivors may also impact their ability to access 
care. Many stroke survivors may have physical disabil-
ity including hemiplegia/hemiparesis, ataxia, or other 
impairments contributing to impaired mobility following 
stroke.52 These mobility requirements may make it dif-
ficult to travel to a doctor’s office because of the need 
for special vehicles, assistance with transfers, or assis-
tance navigating in an outpatient clinic. Stroke survivors 
may rely on others for transportation not only because 
of physical immobility, but also because of cognitive 
impairment, impaired vision, or other imposed driving 

restrictions after stroke. The need for transportation to 
visits may serve as an additional barrier to attend in-per-
son visits. With limited access to stroke subspecialists 
in many regions, going to in-person appointments may 
involve traveling long distances.53 Remote care, espe-
cially in home, is an appealing solution to these barriers 
to care. Additionally, stroke survivors who transition to 
skilled nursing facilities or inpatient rehabilitation centers 
could also benefit from remote neurology follow-up vis-
its. These early postdischarge visits may be essential for 
preventing readmission, ensuring adherence to medica-
tion and other treatment regimens, and enabling further 
testing when needed. Care coordination between the 
hospital, rehabilitation facility, and neurologist, such as 
that provided by a social worker case management sys-
tem, could prevent missed appointments and lessen time 
away from rehabilitation sessions.54

Multidisciplinary models of transitional care and post-
stroke care have shown potential for improving post-
stroke outcomes55; however, implementation is limited by 
some of the aforementioned patient-level barriers to in-
person care.56,57 Delivery of outpatient care through tele-
medicine has the potential to address these barriers by 

Table 1. Advantages and Barriers to Telehealth Use to Address Disparities in Stroke Outcomes

 Telehealth advantage Telehealth barrier 

Stroke complications

  Stroke disability Addresses barriers related to mobility challenges and 
special equipment needed to access clinic spaces
Obviates need for help with transportation when there 
are driving restrictions

Impaired ability to independently manage telehealth or tele-
monitoring equipment because of weakness, incoordination, 
visual impairment, or cognitive impairment

  Physical weakness and gait 
impairment

  Impaired vision

  Cognitive Impairment

  Poststroke care provided by 
multiple disciplines

  Primary care
  Neurology
  Cardiology
  Rehabilitation specialists
  Psychologists

Decreases number of in-person visits
Opportunity for multidisciplinary visits over telehealth
Opportunity for remote monitoring of blood pressure, 
cardiac arrhythmias

Inability for providers to complete comprehensive physical 
assessment (neurologic/cardiac)
Need for patients to navigate different platforms
Need for providers to have access to the same telehealth 
platforms

Social determinants of health

  Economic instability May address costs related to transportation to visits, 
parking, missed days of work for patients and/or 
caregivers

Inconsistent access to phone and internet services because of 
affordability/competing needs
Housing insecurity or homelessness limiting ability to attend 
private visits

  Geographic location (urban/rural) Addresses barriers associated with distance to provid-
ers, access to specialist clinics, and transportation to 
clinics via bus or train in urban areas

Inconsistent access to internet because of limited broadband 
access and/or inner city/rural dead zones

  Low educational attainment Ability to reinforce health-related information using 
mhealth and telehealth tools

Impaired digital literacy limiting ability to connect to telehealth 
visits, utilize patient portals, or troubleshoot challenges when 
they arise

  Limited english proficiency May increase access to language concordant providers Telehealth platforms, patient portals, and telemonitoring tools 
must be structured to accommodate patients with different 
language preferences

  Limited social support May increase access to care for patients with limited 
support systems/caregivers for transportation to visits

Limits access for patients who need assistance with telehealth 
visits
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removing the need for a patient to be moved from their 
physical space, and for some patients, by removing the 
need for a caregiver to be present. In addition, with multi-
disciplinary needs following hospitalization, telemedicine 
has the potential to assist with merging visits from pro-
viders to optimize care.

Stroke survivors with a higher proportion of adverse 
social determinants of health, including economic insta-
bility, low educational attainment, low health literacy, and 
low levels of social support, may have even further limited 
access to poststroke care. Costs associated with travel 
to in-person visits, missed days of work for appointments 
(for patients and/or caregivers) cannot be underesti-
mated for individuals with economic instability who may 
have missed days of work for a stroke hospitalization. 
Differences in care access related to these social factors 
may help to explain racial and ethnic disparities in stroke 
outcomes.58 Telehealth may help to address access 
related issues and therefore holds promise for address-
ing disparities in stroke outcomes.

BARRIERS TO TELEHEALTH USE IN 
STROKE SURVIVORS AND SOCIALLY 
HIGH-RISK GROUPS
Despite the demonstrated benefits for telehealth use 
in the acute care of stroke survivors, and the potential 
benefits for transitions of care and chronic care, there 
are additional barriers to use of telehealth in the out-
patient population compared to acute care (Table 1). 
In fact, many of the advantages to telehealth in stroke 
survivors also highlight the barriers to care delivered 
by technology. Telestroke in its original form—delivery 
of remote acute stroke evaluation—includes built in 
infrastructure support, with continuous internet cov-
erage to ensure connection, bedside health care pro-
viders to assist with communication and examination, 
and often available real time technical support for both 
sides of the consultation. Outpatient care delivery via 
telehealth, especially when conducted with the patient 
in their home, requires the patients or caregivers to be 
able to utilize technology in a way that is typically not 
required for acute stroke care. The need for a patient to 
access care via telehealth requires digital literacy, con-
sistent telephone and internet access, and increasingly, 
the ability and willingness to engage with the electronic 
medical record through patient portals.

Digital literacy is essential to effectively and effi-
ciently use telehealth. Digital literacy is defined by the 
American Library Association as “the ability to use 
information and communication technologies to find, 
evaluate, create, and communicate information, requir-
ing both cognitive and technical skills.” According to a 
US Department of Education Report, 16 % of adults 
(31.8 million) lacked the technical competence to use 

a computer (US Department of Education on literacy, 
2018).59 Black, Hispanic, and foreign-born adults and 
those who were older, less educated, and work in lower-
skilled jobs were identified in the report as lacking 
digital literacy. While we did not find studies evaluat-
ing digital literacy in the stroke population, we found 
studies evaluating a proxy for digital literacy, specifi-
cally internet use, among patients with cardiovascular 
disease. A study conducted in an outpatient population 
of patients with cardiac disease showed lower internet 
use in patients who were older and less educated.60 
Another study evaluating internet use among patients 
followed in a stroke clinic and their caregivers showed 
higher internet use in caregivers compared to stroke 
survivors.61 Younger and Non-Hispanic White partici-
pants reported higher usage of internet compared to 
older, Hispanic, and Black participants. In a different 
study comparing internet use in a nationally represen-
tative sample of individuals with and without stroke, the 
overall prevalence of internet use among stroke survi-
vors was much lower than that among non-stroke indi-
viduals (57.8% versus 84.3%) but was comparable for 
women and men.62

In addition to digital literacy, reliable internet access 
and affordability are necessary for robust, sustainable, 
and equitable telehealth care delivery. Limited broadband 
access remains a challenge faced by many in the United 
States, especially in rural areas. According to a 2022 
report from the NPD Group, a national market research 
company, only 50% of homes in the United States have 
a broadband speed of 25 Mbps download or higher, 
while 34% receive at a speed of <5 Mbps and 15% have 
no access.63 The states most affected include some of 
those with high stroke prevalence, including Mississippi 
and West Virginia. Consistency of telephone and inter-
net access may also be a barrier. Multiple factors affect 
the speed and quality of internet connection including 
location, number of people using the connection, type of 
device, and transfer technology.64 Speed also depends 
on the distance between the terminal device and the net-
work centralizer, the number of devices connected to the 
internet services at home and other coverage areas, in 
addition to other factors. The presence of dead zones in 
rural and urban areas can serve as an additional barrier 
to accessing telehealth, as dead zones can occur any-
where and prevent Wi-Fi from working correctly.64 Digi-
tal redlining, defined as a “failure to provide service, or 
the provision of inferior service, to people of color” con-
tributes to disparities in internet access in economically 
disadvantaged and racial and ethnic minoritized com-
munities.65 Digital redlining is a systematic and structural 
process that not only serves as a patient and community-
level barrier to digital health access, but as a barrier to 
telehealth innovation.66

The consistency of internet and telephone access 
may also be impacted by economic instability. Patients 
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with lower income may have difficulties paying bills regu-
larly to maintain access. Currently in the United States, 
the economic downfall caused by the pandemic and 
recession have left many people struggling to meet daily 
needs. As a result, people with low income may forgo util-
ity payments to address immediate life necessities. Black 
and Hispanic communities have been more impacted by 
the economic challenges associated with the COVID-19 
pandemic, and have seen the highest levels of food inse-
curity and others indicators of economic instability in the 
population.67,68 The differential impact of the pandemic 
on these communities may contribute to disparities in 
access to telehealth.

Patient portals are increasingly being utilized as a 
gateway to ambulatory telehealth access. However, 
patient portals are underutilized and disparities in por-
tal usage persist. In a systematic review by Zhao et 
al,69 a number of barriers to portal use were identified, 
including perceptions about the portal requiring extra 
work; feeling that portals represent unwelcome exten-
sions of healthcare, concerns about erosion of personal 
patient-physician relationships, and mixed or negative 
attitudes among providers. In addition to patient, care-
giver, and provider attitudes and perceptions, interface 
challenges exist that range from unintuitive design 
elements creating navigation difficulties to the use of 
language at a reading comprehension level that is too 
high for most users.

Multiple studies, conducted prior to and during the 
COVID-19 pandemic have revealed disparities in portal 
use based on race, ethnicity, gender, age, and socioeco-
nomic factors. A retrospective study conducted at fam-
ily medicine clinics over a 5-year period revealed lower 
portal usage in patients who were male, elderly, in minor-
ity groups, or living in rural areas. Individuals with public 
insurance were less likely to access portals compared to 
those with private insurance.70 Another study conducted 
at Atrium Health Wake Forest Baptist between 2018 
and 2019 examined portal use among 178 720 patients. 
They found that individuals 18 to 64 years of age, 
females, non-Hispanic Whites, those who were married, 
commercially insured, had higher disease burden and 
lower healthcare utilization were associated with portal 
usage.71 Nationwide data reported increased portal use 
during the COVID-19 pandemic; however, available data 
indicate persistent disparities in portal use.72

Provider level barriers to telehealth adoption and 
use may contribute to disparities in patient access. One 
study evaluating provider characteristics associated 
with adoption of virtual healthcare showed that female, 
primary care (versus surgical care), and behavioral 
health physicians were most likely to be early adopt-
ers of virtual health.73 In this same study, characteristics 
of physicians’ patients showed a weaker association to 
early adoption than provider characteristics. However, 
notably, having a higher percent of patients from a racial 

or ethnic “minority” group was associated with lower 
odds of early adoption. It is unclear whether this finding 
can be attributed to patient or provider level barriers or 
a combination of these.

Health system barriers and policies around reimburse-
ment for telehealth and telemonitoring may limit tele-
health use in certain populations. Hospitals and health 
systems serving economically disadvantaged groups 
may not have the resources to invest in the infrastruc-
ture necessary for telehealth delivery. Restrictions on 
reimbursements for telephonic visits compared to video 
visits may adversely impact patients with impaired digital 
literacy and limited broadband access. Finally, infrastruc-
ture requirements and billing restrictions for remote tele-
monitoring serve as additional health system barriers for 
adoption of these technologies.

Stroke sequelae may compound the impact of the 
aforementioned factors on the ability of stroke survi-
vors to engage in telehealth. Patients with aphasia and 
hand or arm weakness may have difficulties using smart 
devices and computers, or require caregiver assistance 
to log on or engage tech support. Those with poststroke 
cognitive impairment may have difficulty with the often-
complex steps necessary to use the telemedicine portal, 
or trouble simply remembering usernames and pass-
words. Beyond poststroke functional limitations, patients 
with stroke may suffer from loss of work, loss of insur-
ance, and others factors impacted by economic instability 
(food insecurity and housing insecurity), which may limit 
access to technology and therefore further limit opportu-
nities to engage in telehealth visits.

ONGOING TELEHEALTH TRIALS FOR 
OUTPATIENT MANAGEMENT OF STROKE 
SURVIVORS
There are few published trials focusing on the use of digi-
tal technologies and telehealth to improve outcomes in 
stroke survivors. In the Michigan Stroke Transition Trial, 
access to web-based stroke-related information was 
incorporated into a social worker/case management 
intervention, and both groups were compared to usual 
care.54 Access to the website with educational informa-
tion was associated with increase patient activation and 
improvements in patient reported physical health scores, 
but not to improvements in mental health. The PINGS trial 
(Phone-Based Intervention under Nurse Guidance after 
Stroke) demonstrated feasibility of an m-health-based, 
nurse-guided, blood pressure (BP) control intervention 
for recent stroke survivors in sub-Saharan Africa.74 A 
larger randomized trial (PINGS-II) is ongoing.75 Finally, 
a recently published pilot trial of telehealth with remote 
BP monitoring in an underserved population in New York 
demonstrated potential for impact on BP control in stroke 
survivors.76

D
ow

nloaded from
 http://ahajournals.org by on M

arch 28, 2023



Sharrief et al Telehealth Trials to Address Health Equity in Stroke Survivors

402  February 2023 Stroke. 2023;54:396–406. DOI: 10.1161/STROKEAHA.122.039566

FO
CU

SE
D 

UP
DA

TE
S

Two additional ongoing interventions have been 
designed to evaluate the utility of telehealth and telemoni-
toring for (1) improving poststroke care and (2) addressing 
disparities in poststroke care. The TEAMS-BP trial (Tele-
health-Enhanced Assessment and Management after 
Stroke—Blood Pressure) is a comparative effectiveness 
trial to determine whether remote transmission of BPs, 
telehealth management through chronic care manage-
ment and lifestyle coaching are more effective at lowering 
systolic blood pressure to <130 mm Hg than more tra-
ditional in-person clinic management (NCT 05539443). 
The trial design is based on the results of the Comprehen-
sive Post-Acute Stroke Services cluster-randomized prag-
matic trial, which showed that an individualized care plan 
for stroke patients in the transition from hospital to home 
increased the likelihood of self-monitoring of BP at 90 
days. Other lessons learned from Comprehensive Post-
Acute Stroke Services are that there were a few patient-
level barriers that were critical for implementation of the 
new model of care, but the most important was that trans-
portation and distance from the clinic prevented patients 
from keeping the appointment to receive the care plan.53 
In addition, there was no impact of the Comprehensive 
Post-Acute Stroke Services model of care on readmis-
sions at 90 days or 1 year, and this clearly pointed to the 
fact that stroke care needs to continue beyond the tran-
sitional period of the first 30 days post-discharge.77 The 
TEAMS-BP intervention spans the first 6 months after 
discharge, and also includes health coaching to reinforce 
the care plan with the patient and caregiver over time. The 
hypothesis, based on successful remote BP management 
in primary care settings, is that cellular transmission of 
BPs, physical activity, and self-reported medication adher-
ence monitoring in nearly real time will make medication 
management of BP more efficient and effective.78 The 
telehealth intervention arm will utilize existing chronic care 
management and remote patient monitoring codes devel-
oped by the Centers for Medicare and Medicaid Services 
(CMS). The pilot feasibility phase is currently underway.

The VIRTUAL study (Video-Based Intervention to 
Reduce Treatment and Outcome Disparities in Adults 
Living With Stroke) is a randomized comparative effec-
tiveness trial comparing interdisciplinary poststroke care 
delivered via telehealth along with remote BP monitor-
ing to best standard care (evidence-supported) for adults 
discharged home from acute care following stroke or 
transient ischemic attack (NCT 05264298). Patients 
have a comprehensive assessment of social determi-
nants of health, and principles of social-risk informed 
care and social-risk targeted care are applied to address 
social-risk factors during the clinical encounter.58 The 
hypothesis is that these social factors are related to 
poor BP control and racial and ethnic disparities in BP 
control. The telehealth visits are attended by the stroke 
patient (with or without a caregiver), a social worker, a 
pharmacist, and a neurology provider (nurse practitioner 

or physician). Data from the remote BP monitor is auto-
matically transmitted to a customized portal, which is 
used by the pharmacist to adjust the BP according to an 
established algorithm. Patients who do not have smart 
devices or internet access to engage in telehealth visits 
are provided with these tools (tablets and/or modem) as 
needed. The standard care arm receives enhanced care 
in accordance with known strategies to reduce BP after 
stroke. The standard care patients are given outpatient 
neurology appointments for follow-up (via telehealth or 
in-person visits according to patient preference), are pro-
vided with a BP monitor, and are instructed to monitor 
and record their blood pressures for monthly review by 
a pharmacist. The pharmacist communicates blood pres-
sure numbers to the patient’s primary care provider, and 
recommends medication adjustment if the BP is out of 
goal range (>130/80 mmHg). The primary outcome is 
ambulatory blood pressure 6 months after stroke with a 
pre-specified analysis of the impact on the outcomes on 
disparities in BP control between Non-Hispanic White 
patients and Black and Hispanic patients. Enrollment 
began in March 2022, with planned enrollment of 534 
stroke survivors.

ADDRESSING BARRIERS TO TELEHEALTH 
USE IN THE OUTPATIENT MANAGEMENT 
OF STROKE SURVIVORS
While the outpatient management of stroke survivors 
through telehealth is prone to multiple barriers, it offers 
many advantages for addressing health equity in stroke 
survivors. As such, strategies to address the barriers 
should be considered (Table 2). Increased access to free 
or low-cost broadband internet helps to overcome bar-
riers related to limited internet. During the COVID-19 
pandemic, federal subsidies were put in place to expand 
internet access for purposes of school and work. The 
Affordable Connectivity Program was established in the 
US in 2021 as a national program offering discounts 
for internet access as well as discounts toward the pur-
chase of a laptop, desktop computer, or tablet.79 While 
patients may have limited knowledge of these programs, 
social workers or community health workers can be uti-
lized to assist patients with applying for these programs. 
For patients who do not qualify for discounted programs, 
mobile hotspots can be provided to assist with engage-
ment in telehealth. Additionally, telehealth outposts, or 
easily accessible sites equipped with internet and medical 
technicians or nursing staff, can facilitate telehealth visits 
with remote providers for patients with limited access.

In addition to improving access to internet for tech-
nologies requiring higher bandwidth, another approach 
to addressing barriers includes developing interven-
tions that utilize technologies requiring cellular service, 
or lower internet bandwidth. As an example, monitoring 
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devices that transmit data via cellular towers may make 
this type of service more widely available to patients in 
underserved or rural areas as compared to service requir-
ing access to broadband. Similarly, interventions that use 
texting, smart phone applications, secure messaging, and 
other solutions that do not require access to high-speed 
internet may help to address care gaps.

Multiple strategies have been employed to address 
digital literacy in adult learners, with mixed effectiveness 
and limitations related to inclusion of elderly patients and 
those with cognitive impairment.80–83 To our knowledge, 
there are no studies addressing digital literacy in stroke 
survivors. Potential strategies to address digital literacy 
barriers include (1) developing digital health tools that 
consider health literacy, age, physical disability, and/or 
cognitive impairment in their design; (2) providing train-
ing or education to populations at risk for low digital lit-
eracy; (3) using navigators to assist patients with digital 
literacy challenges; (4) partnering with organizations 
with expertise in digital literacy training; (5)engaging in 
human-centered intervention design whereby patients 
with limited digital literacy are involved in the develop-
ment of telehealth interventions.84,85

Also, studies focused on implementation science 
methods could be designed to understand the ideal 
strategies to increase uptake of new technologies, such 
as telehealth and mobile health. This approach can pro-
vide the evidence for best implementation of technolo-
gies to reduce inequities in stroke care in diverse health 
care and home settings. In addition, use of existing reim-
bursement codes through CMS, such as chronic care 
management and remote patient monitoring can provide 
incentives for health systems by increasing revenue for 
work that is already being done to review and monitor 

blood pressures, as well as other measures that can be 
collected remotely. This could improve stroke prevention 
for survivors and be a win-win for both health systems 
and providers.

In conclusion, as remote care modalities expand 
across the continuum of stroke care, it is essential that 
systems are built with health equity in mind. With an 
equity focus, increased availability of outpatient telemed-
icine for chronic stroke care has the potential to be as 
paradigm changing as acute telestroke.

ARTICLE INFORMATION

Affiliations
Department of Neurology, McGovern Medical School, University of Texas Health 
Sciences Center at Houston (A.Z.S., M.O.). McGovern Medical School, Stroke In-
stitute, University of Texas Health Sciences Center (A.Z.S.). Wake Forest Baptist 
Health, Wake Forest University School of Medicine, Department of Neurology 
(A.K.G., T.I.J.R.). Department of Neurology, University of Texas Southwestern Med-
ical Center (E.J.). University of Houston College of Nursing (M.F.L.).

Disclosures
Dr Sharrief reports funding from the National Institutes of Health (R01 
MD016465-02) for the VIRTUAL Clinical Trial and is employed by McGovern 
Medical School. Dr Jones reports employment by UT Southwestern Medical 
Center. Dr Okpala reports employment by McGovern Medical School at Hous-
ton. Dr Love reports employment by University of Houston. Dr Guzik reports 
employment by Wake Forest School of Medicine. Dr Bushnell reports fund-
ing from the Patient Centered Outcomes Research Institute (PCORI) for the 
TEAMS-BP Study, is employed by Wake Forest Baptist Health, and has stock 
holdings in Care Directions, LLC.

REFERENCES
 1. Schwamm LH, Holloway RG, Amarenco P, Audebert HJ, Bakas T, 

Chumbler NR, Handschu R, Jauch EC, Knight WA, Levine SR, et al. A 
review of the evidence for the use of telemedicine within stroke systems 
of care: a scientific statement from the american heart association/

Table 2. Strategies to Address Telehealth Barriers

Barrier Strategy 

Stroke disability (physical) Develop telehealth tools to accommodate patients with hemiparesis or in coordination

Engage informal caregivers and family members to participate in telehealth interventions

Stroke disability (cognitive) Avoid use of tools (platforms/ monitoring equipment) that require multiple steps for set-up/ or 
need regular troubleshooting

Engage informal caregivers and family members to participate in telehealth interventions

Limited access to internet Utilize social workers or community health workers to connect patients to available federal 
programs

Provide mobile hotspot devices to patients with limited Wi-Fi access

Use community-based telehealth outposts for visits

Use cellular services for telemonitoring (ie, BP monitoring) instead of services or devices 
requiring Bluetooth

Use texting, secure messaging, smart phone applications, and other tools that do not require 
high-speed internet

Limited digital literacy Develop digital tools to accommodate patients with impaired literacy or cognitive limitations

Provide digital literacy training as a component of interventions

Use digital health navigators

Include patients with impaired digital literacy in intervention or study design

Limited english proficiency Develop telehealth platforms, telemonitoring tools, and other digital health tools to accommo-
date patient and caregiver language preferences

D
ow

nloaded from
 http://ahajournals.org by on M

arch 28, 2023



Sharrief et al Telehealth Trials to Address Health Equity in Stroke Survivors

404  February 2023 Stroke. 2023;54:396–406. DOI: 10.1161/STROKEAHA.122.039566

FO
CU

SE
D 

UP
DA

TE
S

american stroke association. Stroke. 2009;40:2616–2634. doi: 
10.1161/STROKEAHA.109.192360

 2. Lyerly MJ, Wu TC, Mullen MT, Albright KC, Wolff C, Boehme AK, 
Branas CC, Grotta JC, Savitz SI, Carr BG. The effects of telemedicine on 
racial and ethnic disparities in access to acute stroke care. J Telemed 
Telecare. 2016;22:114–120. doi: 10.1177/1357633X15589534

 3. Reddy S, Wu TC, Zhang J, Rahbar MH, Ankrom C, Zha A, Cossey TC, Aertker B, 
Vahidy F, Parsha K, et al. Lack of racial, ethnic, and sex disparities in ischemic 
stroke care metrics within a tele-stroke network. J Stroke Cerebrovasc Dis. 
2021;30:105418. doi: 10.1016/j.jstrokecerebrovasdis.2020.105418

 4. Park J, Erikson C, Han X, Iyer P. Are state telehealth policies associated with 
the use of telehealth services among underserved populations?. Health Aff 
(Millwood). 2018;37:2060–2068. doi: 10.1377/hlthaff.2018.05101

 5. Rodriguez JA, Saadi A, Schwamm LH, Bates DW, Samal L. Disparities in 
telehealth use among california patients with limited english proficiency. 
Health Aff (Millwood). 2021;40:487–495. doi: 10.1377/hlthaff.2020.00823

 6. Strowd RE, Strauss L, Graham R, Dodenhoff K, Schreiber A, 
Thomson S, Ambrosini A, Thurman AM, Olszewski C, Smith LD, et al. 
Rapid implementation of outpatient teleneurology in rural appalachia: 
barriers and disparities. Neurol Clin Pract. 2021;11:232–241. doi: 
10.1212/CPJ.0000000000000906

 7. Adeoye O, Nystrom KV, Yavagal DR, Luciano J, Nogueira RG, Zorowitz RD, 
Khalessi AA, Bushnell C, Barsan WG, Panagos P, et al. Recommendations 
for the establishment of stroke systems of care: a 2019 update. Stroke. 
2019;50:e187–e210. doi: 10.1161/STR.0000000000000173

 8. Meyer BC, Raman R, Ernstrom K, Tafreshi GM, Huisa B, 
Stemer AB, Hemmen TM. Assessment of long-term outcomes for the stroke 
doc telemedicine trial. J Stroke Cerebrovasc Dis. 2012;21:259–264. doi: 
10.1016/j.jstrokecerebrovasdis.2010.08.004

 9. Schwab S, Vatankhah B, Kukla C, Hauchwitz M, Bogdahn U, 
Furst A, Audebert HJ, Horn M, Group TE. Long-term outcome after throm-
bolysis in telemedical stroke care. Neurology. 2007;69:898–903. doi: 
10.1212/01.wnl.0000269671.08423.14

 10. Hatcher-Martin JM, Adams JL, Anderson ER, Bove R, Burrus TM, 
Chehrenama M, Dolan O’Brien M, Eliashiv DS, Erten-Lyons D, Giesser BS, 
et al. Telemedicine in neurology: telemedicine work group of the ameri-
can academy of neurology update. Neurology. 2020;94:30–38. doi: 
10.1212/WNL.0000000000008708

 11. Verma A, Towfighi A, Brown A, Abhat A, Casillas A. Moving towards equity 
with digital health innovations for stroke care. Stroke. 2022;53:689–697. 
doi: 10.1161/strokeaha.121.035307

 12. Karve SJ, Balkrishnan R, Mohammad YM, Levine DA. Racial/ethnic 
disparities in emergency department waiting time for stroke patients 
in the united states. J Stroke Cerebrovasc Dis. 2011;20:30–40. doi: 
10.1016/j.jstrokecerebrovasdis.2009.10.006

 13. Esenwa C, Lekoubou A, Bishu KG, Small K, Liberman A, Ovbiagele B. 
Racial differences in mechanical thrombectomy utilization for ischemic 
stroke in the united states. Ethn Dis. 2020;30:91–96. doi: 10.18865/ed. 
30.1.91

 14. Rinaldo L, Rabinstein AA, Cloft H, Knudsen JM, Castilla LR, Brinjikji W. Racial 
and ethnic disparities in the utilization of thrombectomy for acute stroke. 
Stroke. 2019;50:2428–2432. doi: 10.1161/STROKEAHA.118.024651

 15. Bhattacharya P, Mada F, Salowich-Palm L, Hinton S, Millis S, Watson SR, 
Chaturvedi S, Rajamani K. Are racial disparities in stroke care still prevalent 
in certified stroke centers?. J Stroke Cerebrovasc Dis. 2013;22:383–388. 
doi: 10.1016/j.jstrokecerebrovasdis.2011.09.018

 16. Ajinkya S, Almallouhi E, Turner N, Al Kasab S, Holmstedt CA. Racial/ethnic 
disparities in acute ischemic stroke treatment within a telestroke network. 
Telemed J E Health. 2020;26:1221–1225. doi: 10.1089/tmj.2019.0127

 17. Wolff C, Boehme AK, Albright KC, Wu TC, Mullen MT, Branas CC, Grotta JC, 
Savitz SI, Carr BG. Sex disparities in access to acute stroke care: can tele-
medicine mitigate this effect?. J Health Dispar Res Pract. 2016;9:5

 18. Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan PW, Lynch G, 
Khatiwoda A, Lisabeth L. Sex differences in stroke: epidemiology, clinical 
presentation, medical care, and outcomes. Lancet Neurol. 2008;7:915–926. 
doi: 10.1016/s1474-4422(08)70193-5

 19. Seabury S, Bognar K, Xu Y, Huber C, Commerford SR, Tayama D. Regional 
disparities in the quality of stroke care. Am J Emerg Med. 2017;35:1234–
1239. doi: 10.1016/j.ajem.2017.03.046

 20. Lazaridis C, DeSantis SM, Jauch EC, Adams RJ. Telestroke in 
south carolina. J Stroke Cerebrovasc Dis. 2013;22:946–950. doi: 
10.1016/j.jstrokecerebrovasdis.2011.11.008

 21. Walsh C, Lewinski AA, Rushton S, Soliman D, Carlson SM, Luedke MW, 
Halpern D, Crowley M, Shaw R, Sharpe J, et al. Virtual care for the longitudinal 

management of chronic conditions: A systematic review. Department of Vet-
erans Affairs (US): Washington (DC); 2021.

 22. Zhu Y, Gu X, Xu C. Effectiveness of telemedicine systems for adults with 
heart failure: a meta-analysis of randomized controlled trials. Heart Fail Rev. 
2020;25:231–243. doi: 10.1007/s10741-019-09801-5

 23. Pekmezaris R, Nouryan CN, Schwartz R, Castillo S, Makaryus AN, Ahern D, 
Akerman MB, Lesser ML, Bauer L, Murray L, et al. A randomized controlled 
trial comparing telehealth self-management to standard outpatient man-
agement in underserved black and hispanic patients living with heart failure. 
Telemed J E Health. 2019;25:917–925. doi: 10.1089/tmj.2018.0219

 24. Collins SP, Liu D, Jenkins CA, Storrow AB, Levy PD, Pang PS, Chang AM, 
Char D, Diercks DJ, Fermann GJ, et al. Effect of a self-care intervention 
on 90-day outcomes in patients with acute heart failure discharged from 
the emergency department: a randomized clinical trial. JAMA Cardiol. 
2021;6:200–208. doi: 10.1001/jamacardio.2020.5763

 25. Lee PA, Greenfield G, Pappas Y. The impact of telehealth remote patient 
monitoring on glycemic control in type 2 diabetes: a systematic review and 
meta-analysis of systematic reviews of randomised controlled trials. BMC 
Health Serv Res. 2018;18:495. doi: 10.1186/s12913-018-3274-8

 26. Heitkemper EM, Mamykina L, Travers J, Smaldone A. Do health informa-
tion technology self-management interventions improve glycemic con-
trol in medically underserved adults with diabetes? A systematic review 
and meta-analysis. J Am Med Inform Assoc. 2017;24:1024–1035. doi: 
10.1093/jamia/ocx025

 27. Dobkin RD, Mann SL, Weintraub D, Rodriguez KM, Miller RB, St Hill L, King A, 
Gara MA, Interian A. Innovating parkinson’s care: a randomized controlled 
trial of telemedicine depression treatment. Mov Disord. 2021;36:2549–
2558. doi: 10.1002/mds.28548

 28. Nwabuobi L, Agee J, Gilbert R. Racial and social disparities in health 
and health care delivery among patients with parkinson’s disease and 
related disorders in a multiracial clinical setting. J Cross Cult Gerontol. 
2021;36:253–263. doi: 10.1007/s10823-021-09436-w

 29. Saadi A, Himmelstein DU, Woolhandler S, Mejia NI. Racial disparities in neu-
rologic health care access and utilization in the united states. Neurology. 
2017;88:2268–2275. doi: 10.1212/wnl.0000000000004025

 30. Brearly TW, Shura RD, Martindale SL, Lazowski RA, Luxton DD, Shenal BV, 
Rowland JA. Neuropsychological test administration by videoconference: a 
systematic review and meta-analysis. Neuropsychol Rev. 2017;27:174–186. 
doi: 10.1007/s11065-017-9349-1

 31. Watt JA, Lane NE, Veroniki AA, Vyas MV, Williams C, Ramkissoon N, 
Thompson Y, Tricco AC, Straus SE, Goodarzi Z. Diagnostic accuracy of vir-
tual cognitive assessment and testing: systematic review and meta-analysis. 
J Am Geriatr Soc. 2021;69:1429–1440. doi: 10.1111/jgs.17190

 32. McCleery J, Laverty J, Quinn TJ. Diagnostic test accuracy of telehealth 
assessment for dementia and mild cognitive impairment. Cochrane Data-
base Syst Rev. 2021;7:Cd013786. doi: 10.1002/14651858.CD013786

 33. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, 
Boehme AK, Buxton AE, Carson AP, Commodore-Mensah Y, et al. 
Heart disease and stroke statistics-2022 update: a report from the 
american heart association. Circulation. 2022;145:e153–e639. doi: 
10.1161/CIR.0000000000001052

 34. Ovbiagele B, Goldstein LB, Higashida RT, Howard VJ, Johnston SC, 
Khavjou OA, Lackland DT, Lichtman JH, Mohl S, Sacco RL, et al. Fore-
casting the future of stroke in the united states: a policy statement from 
the american heart association and american stroke association. Stroke. 
2013;44:2361–2375. doi: 10.1161/str.0b013e31829734f2

 35. Middleton A, Kuo YF, Graham JE, Karmarkar A, Lin YL, Goodwin JS, 
Haas A, Ottenbacher KJ. Readmission patterns over 90-day episodes 
of care among medicare fee-for-service beneficiaries discharged 
to post-acute care. J Am Med Dir Assoc. 2018;19:896–901. doi: 
10.1016/j.jamda.2018.03.006

 36. Zahuranec DB, Wing JJ, Edwards DF, Menon RS, Fernandez SJ, 
Burgess RE, Sobotka IA, German L, Trouth AJ, Shara NM, et al. Poor 
long-term blood pressure control after intracerebral hemorrhage. Stroke. 
2012;43:2580–2585. doi: 10.1161/strokeaha.112.663047

 37. White CL, Pergola PE, Szychowski JM, Talbert R, Cervantes-Arriaga A, 
Clark HD, Del Brutto OH, Godoy IE, Hill MD, Pelegri A, et al. Blood pres-
sure after recent stroke: baseline findings from the secondary prevention of 
small subcortical strokes trial. Am J Hypertens. 2013;26:1114–1122. doi: 
10.1093/ajh/hpt076

 38. Brenner DA, Zweifler RM, Gomez CR, Kissela BM, Levine D, Howard G, 
Coull B, Howard VJ. Awareness, treatment, and control of vascular risk fac-
tors among stroke survivors. J Stroke Cerebrovasc Dis. 2010;19:311–320. 
doi: 10.1016/j.jstrokecerebrovasdis.2009.07.001

D
ow

nloaded from
 http://ahajournals.org by on M

arch 28, 2023



Sharrief et al Telehealth Trials to Address Health Equity in Stroke Survivors

Stroke. 2023;54:396–406. DOI: 10.1161/STROKEAHA.122.039566 February 2023  405

FOCUSED UPDATES

 39. Koza E, Diaz J, Chaudhary D, Shahjouei S, Li J, Abedi V, Zand R. Lack of 
sex disparity in oral anticoagulation in atrial fibrillation patients presenting 
with ischemic stroke in a rural population. J Clin Med. 2021;10:4670. doi: 
10.3390/jcm10204670

 40. Hackett ML, Kohler S, O’Brien JT, Mead GE. Neuropsychiat-
ric outcomes of stroke. Lancet Neurol. 2014;13:525–534. doi: 
10.1016/s1474-4422(14)70016-x

 41. Ayerbe L, Ayis S, Crichton S, Wolfe CD, Rudd AG. The long-term out-
comes of depression up to 10 years after stroke; the south london 
stroke register. J Neurol Neurosurg Psychiatry. 2014;85:514–521. doi: 
10.1136/jnnp-2013-306448

 42. Baylor C, Yorkston KM, Jensen MP, Truitt AR, Molton IR. Scoping review 
of common secondary conditions after stroke and their associations with 
age and time post stroke. Top Stroke Rehabil. 2014;21:371–382. doi: 
10.1310/tsr2105-371

 43. Elfassy T, Grasset L, Glymour MM, Swift S, Zhang L, Howard G, Howard VJ, 
Flaherty M, Rundek T, Osypuk TL, et al. Sociodemographic disparities in 
long-term mortality among stroke survivors in the united states. Stroke. 
2019;50:805–812. doi: 10.1161/strokeaha.118.023782

 44. Gardener H, Sacco RL, Rundek T, Battistella V, Cheung YK, Elkind MSV. 
Race and ethnic disparities in stroke incidence in the northern manhat-
tan study. Stroke. 2020;51:1064–1069. doi: 10.1161/STROKEAHA.119. 
028806

 45. Howard G, Cushman M, Kissela BM, Kleindorfer DO, McClure LA, 
Safford MM, Rhodes JD, Soliman EZ, Moy CS, Judd SE, et al. Traditional 
risk factors as the underlying cause of racial disparities in stroke: les-
sons from the half-full (empty?) glass. Stroke. 2011;42:3369–3375. doi: 
10.1161/strokeaha.111.625277

 46. Park JH, Ovbiagele B. Association of black race with recurrent stroke risk. 
J Neurol Sci. 2016;365:203–206. doi: 10.1016/j.jns.2016.04.012

 47. Volgman AS, Bairey Merz CN, Benjamin EJ, Curtis AB, Fang MC, 
Lindley KJ, Pepine CJ, Vaseghi M, Waldo AL, Wenger NK, et al. Sex 
and race/ethnicity differences in atrial fibrillation. J Am Coll Cardiol. 
2019;74:2812–2815. doi: 10.1016/j.jacc.2019.09.045

 48. Walker RJ, Strom Williams J, Egede LE. Influence of race, ethnicity and 
social determinants of health on diabetes outcomes. Am J Med Sci. 
2016;351:366–373. doi: 10.1016/j.amjms.2016.01.008

 49. Willson MN, Neumiller JJ, Sclar DA, Robison LM, Skaer TL. Ethnicity/
race, use of pharmacotherapy, scope of physician-ordered cholesterol 
screening, and provision of diet/nutrition or exercise counseling during us 
office-based visits by patients with hyperlipidemia. Am J Cardiovasc Drugs. 
2010;10:105–108. doi: 10.2165/11532820-000000000-00000

 50. Ellis C, Hyacinth HI, Beckett J, Feng W, Chimowitz M, Ovbiagele B, Lackland  
D, Adams R. Racial/ethnic differences in poststroke rehabilitation outcomes. 
Stroke Res Treat. 2014;2014:950746. doi: 10.1155/2014/950746

 51. Sur NB, Wang K, Di Tullio MR, Gutierrez CM, Dong C, Koch S, 
Gardener H, Garcia-Rivera EJ, Zevallos JC, Burgin WS, et al. Disparities 
and temporal trends in the use of anticoagulation in patients with isch-
emic stroke and atrial fibrillation. Stroke. 2019;50:1452–1459. doi: 
10.1161/strokeaha.118.023959

 52. Gil-Salcedo A, Dugravot A, Fayosse A, Jacob L, Bloomberg M, Sabia S, 
Schnitzler A. Long-term evolution of functional limitations in stroke survi-
vors compared with stroke-free controls: findings from 15 years of follow-
up across 3 international surveys of aging. Stroke. 2022;53:228–237. doi: 
10.1161/strokeaha.121.034534

 53. Halladay J, Bushnell C, Psioda M, Jones S, Lycan S, Condon C, Xenakis J, 
Prvu-Bettger J, Team CI. Patient factors associated with attendance at a 
comprehensive postacute stroke visit: insight from the vanguard site. Arch 
Rehabil Res Clin Transl. 2020;2:100037. doi: 10.1016/j.arrct.2019.100037

 54. Reeves MJ, Fritz MC, Woodward AT, Hughes AK, Coursaris CK,  
Swierenga SJ, Nasiri M, Freddolino PP. Michigan stroke transi-
tions trial. Circ Cardiovasc Qual Outcomes. 2019;12:e005493. doi: 
10.1161/CIRCOUTCOMES.119.005493

 55. Bridgwood B, Lager KE, Mistri AK, Khunti K, Wilson AD, Modi P. Interven-
tions for improving modifiable risk factor control in the secondary pre-
vention of stroke. Cochrane Database Syst Rev. 2018;5:CD009103. doi: 
10.1002/14651858.CD009103.pub3

 56. Bushnell CD, Duncan PW, Lycan SL, Condon CN, Pastva AM, Lutz BJ, 
Halladay JR, Cummings DM, Arnan MK, Jones SB, et al. A person-centered 
approach to poststroke care: the comprehensive post-acute stroke services 
model. J Am Geriatr Soc. 2018;66:1025–1030. doi: 10.1111/jgs.15322

 57. Duncan PW, Bushnell CD, Rosamond WD, Jones Berkeley SB, Gesell SB, 
D’Agostino RB Jr, Ambrosius WT, Barton-Percival B, Bettger JP, Coleman SW, 
et al. The comprehensive post-acute stroke services (compass) study: 

design and methods for a cluster-randomized pragmatic trial. BMC Neu-
rol. 2017;17:133. doi: 10.1186/s12883-017-0907-1

 58. Skolarus LE, Sharrief A, Gardener H, Jenkins C, Boden-Albala B. Consid-
erations in addressing social determinants of health to reduce racial/ethnic 
disparities in stroke outcomes in the united states. Stroke. 2020;51:3433–
3439. doi: 10.1161/strokeaha.120.030426

 59. Mamedova S, Pawlowski E. A description of u.S. Adults who are not digitally 
literate. 2018.

 60. Boriani G, Maisano A, Bonini N, Albini A, Imberti JF, Venturelli A, 
Menozzi M, Ziveri V, Morgante V, Camaioni G, et al. Digital literacy as a 
potential barrier to implementation of cardiology tele-visits after covid-19 
pandemic: the info-covid survey. J Geriatr Cardiol. 2021;18:739–747. doi: 
10.11909/j.issn.1671-5411.2021.09.003

 61. Naqvi IA, Montiel TC, Bittar Y, Hunter N, Okpala M, Johnson C, Weiner MG, 
Savitz S, Sharrief A, Beauchamp JES. Internet access and usage among 
stroke survivors and their informal caregivers: cross-sectional study. JMIR 
Form Res. 2021;5:e25123. doi: 10.2196/25123

 62. Zhu C, Tran PM, Dreyer RP, Goldstein LB, Lichtman JH. Disparities 
in internet use among us stroke survivors: implications for telereha-
bilitation during covid-19 and beyond. Stroke. 2022;53:e90–e91. doi: 
10.1161/STROKEAHA.121.037175

 63. The NPD Group. New npd report: only 50% of homes in the continental us 
receive true broadband internet access. 2022.

 64. St John C. Telehealth and the medicare population: building a foundation for 
the virtual health care revolution. 2022.

 65. Baynes L. Deregulatory injustice and electronic redlining: the color of 
access to telecommunications. Adm Law Rev. 2004;56:263–352.

 66. Merid B, Robles MC, Nallamothu BK. Digital redlining and cardiovascular inno-
vation. Circulation. 2021;144:913–915. doi: 10.1161/circulationaha.121. 
056532

 67. Garcia MA, Thierry AD, Pendergrast CB. The devastating economic impact 
of covid-19 on older black and latinx adults: implications for health and 
well-being. J Gerontol B Psychol Sci Soc Sci. 2022;77:1501–1507. doi: 
10.1093/geronb/gbab218

 68. Brakefield WS, Olusanya OA, White B, Shaban-Nejad A. Social determi-
nants and indicators of covid-19 among marginalized communities: a scien-
tific review and call to action for pandemic response and recovery. Disaster 
Med Public Health Prep. 2022;1–10. doi: 10.1017/dmp.2022.104

 69. Zhao JY, Song B, Anand E, Schwartz D, Panesar M, Jackson GP, Elkin PL. 
Barriers, facilitators, and solutions to optimal patient portal and personal 
health record use: a systematic review of the literature. AMIA Annu Symp 
Proc. 2017;2017:1913–1922.

 70. Tuan WJ, Mellott M, Arndt BG, Jones J, Simpson AN. Disparities in use 
of patient portals among adults in family medicine. J Am Board Fam Med. 
2022;35:559–569. doi: 10.3122/jabfm.2022.03.210486

 71. Casacchia NJ, Rosenthal GE, O’Connell NS, Bundy R, Witek L, Wells BJ, 
Palakshappa D. Characteristics of adult primary care patients who use the 
patient portal: a cross-sectional analysis. Appl Clin Inform. 2022;13:1053–
1062. doi: 10.1055/a-1951-3153

 72. Huang M, Khurana A, Mastorakos G, Wen A, He H, Wang L, Liu S, Wang Y, 
Zong N, Prigge J, et al. Patient portal messaging for asynchronous virtual 
care during the covid-19 pandemic: retrospective analysis. JMIR Hum Fac-
tors. 2022;9:e35187. doi: 10.2196/35187

 73. Zachrison KS, Yan Z, Samuels-Kalow ME, Licurse A, Zuccotti G, 
Schwamm LH. Association of physician characteristics with early adop-
tion of virtual health care. JAMA Netw Open. 2021;4:e2141625. doi: 
10.1001/jamanetworkopen.2021.41625

 74. Sarfo F, Treiber F, Gebregziabher M, Adamu S, Patel S, Nichols M, Awuah D, 
Sakyi A, Adu-Darko N, Singh A, et al. Pings (phone-based intervention under 
nurse guidance after stroke): interim results of a pilot randomized controlled 
trial. Stroke. 2018;49:236–239. doi: 10.1161/strokeaha.117.019591

 75. Sarfo FS, Akpalu A, Bockarie A, Appiah L, Nguah SB, Ayisi-Boateng NK, 
Adamu S, Neizer C, Arthur A, Nyamekye R, et al. Phone-based intervention 
under nurse guidance after stroke (pings ii) study: protocol for a phase 
iii randomized clinical trial. J Stroke Cerebrovasc Dis. 2021;30:105888. 
doi: 10.1016/j.jstrokecerebrovasdis.2021.105888

 76. Naqvi IA, Strobino K, Kuen Cheung Y, Li H, Schmitt K, Ferrara S, Tom SE, 
Arcia A, Williams OA, Kronish IM, et al. Telehealth after stroke care pilot ran-
domized trial of home blood pressure telemonitoring in an underserved set-
ting. Stroke. 2022;53:3538–3547. doi: 10.1161/strokeaha.122.041020

 77. Bushnell CD, Kucharska-Newton AM, Jones SB, Psioda MA, Johnson AM, 
Daras LC, Halladay JR, Prvu Bettger J, Freburger JK, Gesell SB, et al. Hos-
pital readmissions and mortality among fee-for-service medicare patients 
with minor stroke or transient ischemic attack: findings from the compass 

D
ow

nloaded from
 http://ahajournals.org by on M

arch 28, 2023



Sharrief et al Telehealth Trials to Address Health Equity in Stroke Survivors

406  February 2023 Stroke. 2023;54:396–406. DOI: 10.1161/STROKEAHA.122.039566

FO
CU

SE
D 

UP
DA

TE
S

cluster-randomized pragmatic trial. J Am Heart Assoc. 2021;10:e023394. 
doi: 10.1161/JAHA.121.023394

 78. Margolis KL, Asche SE, Bergdall AR, Dehmer SP, Groen SE, Kadrmas HM, 
Kerby TJ, Klotzle KJ, Maciosek MV, Michels RD, et al. Effect of home blood 
pressure telemonitoring and pharmacist management on blood pressure 
control: a cluster randomized clinical trial. JAMA. 2013;310:46–56. doi: 
10.1001/jama.2013.6549

 79. Affordable connectivity program. 2022.
 80. Lyles CR, Tieu L, Sarkar U, Kiyoi S, Sadasivaiah S, Hoskote M, 

Ratanawongsa N, Schillinger D. A randomized trial to train vulnerable primary 
care patients to use a patient portal. J Am Board Fam Med. 2019;32:248–
258. doi: 10.3122/jabfm.2019.02.180263

 81. Manzoor M, Vimarlund V. Digital technologies for social inclusion of indi-
viduals with disabilities. Health Technol (Berl). 2018;8:377–390. doi: 
10.1007/s12553-018-0239-1

 82. Martínez-Alcalá CI, Rosales-Lagarde A, Alonso-Lavernia MA, Ramírez- 
Salvador JA, Jiménez-Rodríguez B, Cepeda-Rebollar RM, López- 

Noguerola JS, Bautista-Díaz ML, Agis-Juárez RA. Digital inclusion in 
older adults: a comparison between face-to-face and blended digital lit-
eracy workshops. Front ICT. 2018;5.

 83. Kokorelias KM, Nelson M, Tang T, Steele Gray C, Ellen M, Plett D, Jarach CM, 
Xin Nie J, Thavorn K, Singh H. Inclusion of older adults in digital health 
technologies to support hospital-to-home transitions: secondary analy-
sis of a rapid review and equity-informed recommendations. JMIR Aging. 
2022;5:e35925. doi: 10.2196/35925

 84. Nouri S, Khoong EC, Lyles C, L K. Addressing equity in telemedicine for 
chronic disease management during the covid-19 pandemic. NEJM Cata-
lyst. 2020.

 85. Loignon C, Dupere S, Leblanc C, Truchon K, Bouchard A, Arsenault J, 
Pinheiro Carvalho J, Boudreault-Fournier A, Marcotte SA. Equity and 
inclusivity in research: co-creation of a digital platform with representa-
tives of marginalized populations to enhance the involvement in research 
of people with limited literacy skills. Res Involv Engagem. 2021;7:70. doi: 
10.1186/s40900-021-00313-x

D
ow

nloaded from
 http://ahajournals.org by on M

arch 28, 2023


