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Abstract

Background: The use of telehealth for the management and treatment of hypertension and cardiovascular dis-
ease (CVD) has increased across the United States (U.S.), especially during the COVID-19 pandemic. Telehealth has
the potential to reduce barriers to accessing health care and improve clinical outcomes. However, implementa-
tion, outcomes, and health equity implications related to these strategies are not well understood. The purpose
of this review was to identify how telehealth is being used by U.S. health care professionals and health systems to
manage hypertension and CVD and to describe the impact these telehealth strategies have on hypertension and
CVD outcomes, with a special focus on social determinants of health and health disparities.

Methods: This study comprised a narrative review of the literature and meta-analyses. The meta-analyses
included articles with intervention and control groups to examine the impact of telehealth interventions on
changes to select patient outcomes, including systolic and diastolic blood pressure. A total of 38 U.S.-based
interventions were included in the narrative review, with 14 yielding data eligible for the meta-analyses.
Results: The telehealth interventions reviewed were used to treat patients with hypertension, heart failure, and
stroke, with most interventions employing a team-based care approach. These interventions utilized the exper-
tise of physicians, nurses, pharmacists, and other health care professionals to collaborate on patient decisions and
provide direct care. Among the 38 interventions reviewed, 26 interventions utilized remote patient monitoring
(RPM) devices mostly for blood pressure monitoring. Half the interventions used a combination of strategies (e.g.,
videoconferencing and RPM). Patients using telehealth saw significant improvements in clinical outcomes such
as blood pressure control, which were comparable to patients receiving in-person care. In contrast, the outcomes
related to hospitalizations were mixed. There were also significant decreases in all-cause mortality when com-
pared to usual care. No study explicitly focused on addressing social determinants of health or health disparities
through telehealth for hypertension or CVD.
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Conclusions: Telehealth appears to be comparable to traditional in-person care for managing blood pressure
and CVD and may be seen as a complement to existing care options for some patients. Telehealth can also sup-
port team-based care delivery and may benefit patients and health care professionals by increasing opportunities
for communication, engagement, and monitoring outside a clinical setting.

Keywords: telehealth; cardiovascular disease; hypertension; blood pressure; health equity

Introduction
Cardiovascular disease (CVD), defined as conditions
that affect the heart or blood vessels, includes, but
is not limited to coronary artery disease, myocardial
infarction (heart attack), heart failure, and stroke.!
Heart disease is the leading cause of death in the United
States (U.S.) and stroke is the fifth leading cause of
death—rankings that persisted during the COVID-19
pandemic.” Nearly half the American adult population
lives with hypertension, a key risk factor for CVD.? In
addition, disparities based on race, socioeconomic sta-
tus, and insurance status exist for CVD and its risk fac-
tors.* Barriers such as inadequate or lack of health
insurance coverage, limited access to health care ser-
vices, and inability to afford out-of-pocket costs can
affect U.S. adults’ ability to manage their condition.”

Telehealth, defined by the Centers for Disease Con-
trol and Prevention (CDC) as health care accessed
through technology (including mobile phones, smart
devices, and computers), has emerged as a well-
established approach to address some barriers to acc-
essing health care.’® A range of telehealth strategies
are commonly used for managing CVD and its risk
factors. Remote Patient Monitoring (RPM) represents
one such strategy where patients track and submit
their blood pressure and other vital signs to health care
professionals through an electronic device or through
a patient portal.® Synchronous videoconference or tele-
conference visits represent a different strategy that
allows both the caregiver and patient to attend medical
visits together irrespective of location through audio-
video or audio-only communications.®

Telestroke, or technology-based care for strokes,
and home-based cardiac rehabilitation may be offered
through videoconferencing or teleconferencing. Alter-
natively, mobile health technologies (mHealth) are
health-related applications on mobile phones or other
“smart devices” (e.g., apps, specialty websites, or smart-
watches) and can include appointment and medication
reminders through text messages.” Health care profes-
sionals may choose to implement a combination of tel-
ehealth strategies to manage CVD and its risk factors

and supplement services through text messaging (e.g.,
medication reminders or lifestyle coaching),® synchro-
nous teleconferencing or videoconferencing with phar-
macists and other health care professionals,”’ '® and
interactive voice response (IVR) systems.17

A gap in the literature exists, summarizing the use
of these common categories of telehealth strategy and
impact on CVD and hypertension outcomes specifi-
cally within the United States, and including during
the COVID-19 pandemic. Many of the systematic
reviews on telehealth include studies conducted inter-
nationally”'®"** and few described telehealth interven-
tions conducted during the COVID-19 pandemic.**
These previously published systematic reviews either
focused on a single health condition'® or telehealth
strategy,””"*> or more generally assessed telehealth
across conditions,'®?*7%> some of which included car-
diovascular and noncardiovascular conditions.

Telehealth utilization across medical specialties and
conditions greatly expanded in the United States dur-
ing the pandemic as health care professionals were
encouraged to adopt virtual care strategies to continue
care, while preventing the spread of COVID-19. The
American Medical Association estimated that tele-
health visits increased to 35 million in the second quar-
ter of 2020 compared to 1.4 million visits in the
previous quarter.”® Although telehealth has the poten-
tial to expand access to care for communities who are
underserved by geographic location, there are con-
cerns that telehealth may exacerbate health disparities
especially for 25% of U.S. adults who lack broadband
(or high speed) internet and those without adequate
access to technology.'*?’

Other barriers beyond access to technology or inter-
net include limited English proficiency and digital lit-
eracy. Furthermore, many health systems may face
challenges procuring telehealth equipment and soft-
ware, and identifying staff to support telehealth ser-
vices, such as RPM.?*?° With the exception of
telestroke, the lack of strong evidence for telehealth
for hypertension and CVD management among U.S.
populations and specifically for patients at highest
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risk for CVD and hypertension,” combined with the
rapid expansion of telehealth by health systems during
the COVID-19 pandemic, necessitates an assessment of
telehealth strategies for the management of CVD and
its risk factors.”®

As telehealth utilization expands, the considerations
of those disproportionately affected by cardiovascular
conditions need to be prioritized. Currently, there
is sparse literature summarizing telehealth outreach,
impacts on access to care, health equity, social determi-
nants of health, and outcomes related to hypertension
and CVD for populations disproportionately affected
by cardiovascular conditions.>> More evidence is
needed to support the expansion of telehealth services
to manage CVD-related conditions and hypertension.
In 2021, researchers from CDC’s Division for Heart
Disease and Stroke Prevention and NORC at the Uni-
versity of Chicago (NORC) conducted a literature
review of telehealth interventions to address hyperten-
sion and CVD management and control. This article
summarizes current evidence on telehealth for hyper-
tension and CVD management.

The purpose was to identify how telehealth is being
used by U.S. health care professionals to manage hyper-
tension and CVD and describe the impact these tele-
health strategies have on hypertension and CVD
outcomes, with a focus on social determinants of health
and health disparities. The review included a narrative
review of the literature and meta-analyses to examine
the impact of specific U.S.-based hypertension and
CVD management telehealth interventions on selected
outcomes amenable to analysis, including changes in sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP), all-cause mortality, and all-cause hospitalizations.

Methods

In December 2021, we manually searched PubMed/
Medline for articles published in English and studies

Table 1. Literature Review Search Terms
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conducted in the United States between 2011 and
2021. We restricted the search to U.S.-based interven-
tions due to unique telehealth regulatory and reim-
bursement mechanisms and implementation factors
in the United States.'” To systematically identify arti-
cles that aligned with the review’s purpose, we created
a search string with every possible combination of
terms. A full list of search terms is included in
Table 1. The following categories describe the types
of terms included in the search: telehealth strategies
(e.g., telehealth, videoconferencing), CVD, hyperten-
sion and related interventions (e.g., hypertension,
cardiovascular disease), evaluation (e.g., evaluation,
assessment), and other terms. Other terms included
COVID-19, social determinants of health, and health
disparities, but not health equity because the latter
term restricted findings during a preliminary test of
the search string.

All potentially relevant peer-reviewed articles were
uploaded to Covidence (Veritas Health Innovation,
Melbourne, Australia), an online literature review man-
agement program, for title and abstract review, full-text
review, and data extraction. Based on our initial search
criteria (Table 2), we identified a total of 4759 articles,
of which 21 were duplicate articles (Fig. 1). After the
duplicate articles were removed, at least two research
team members reviewed the title and abstract of each
article to determine if articles met the a priori criteria
listed in Table 2.

A total of 215 articles met these criteria and were
included in the full-text review, where two team mem-
bers individually reviewed the articles. Throughout the
review process, if there were disagreements about inclu-
sion, a third team member resolved the conflict. During
the full-text review, the team confirmed that each article
met all criteria. A total of 38 articles about specific tele-
health interventions, which have been implemented
across the country, met the criteria for inclusion into

Search category

Terms

Telehealth strategies

Telehealth, telemedicine, videoconferencing, store-and-forward, remote patient monitoring, mHealth, mobile, text

messaging, audio only, synchronous telemedicine, asynchronous telemedicine

CVD, hypertension, and
related interventions
Evaluation

Hypertension, cardiovascular disease, blood pressure, cholesterol, pre-hypertension, heart failure, stroke, cardiac
rehabilitation, medication therapy management, telestroke
Evaluation, assessment, medication adherence, outcome, implementation effectiveness, sustainability, cost

effectiveness, program development, evaluation study, program evaluation, Enhanced Evaluability Assessment (EEA),
Systematic Screening and Assessment (SSA), Consolidated Framework for Implementation Research (CFIR), Health

Services Availability
Other

COVID-19, health disparities, social determinants of health

CVD, cardiovascular disease; mHealth, mobile health technologies.
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Table 2. Literature Review Selection Criteria for the Review

Criteria category Specifications

2011-2021

Adult patients (18 years of age or older) with
a hypertension diagnosis

Patients with diabetes and/or eclampsia are
excluded

U.S.-based studies

Publication date
Population

Study design and
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the literature review (see Fig. 1 for the PRISMA dia-
gram and Table 3 for a description of the studies).
After the full-text review, we evaluated how each
study reported their outcomes (e.g., differences among
groups, raw or adjusted values) and if the outcomes
could be synthesized with the other studies to conduct
a meta-analysis. After reviewing the available data, we

outcomes - , selected the following outcomes for the meta-analysis:
Intervention Clinically based studies only . .
description Web- or telephone-based communications Change in SBP and DBP for all conditions, all-cause
Must have two-way communication between  hospital admissions, and all-cause mortality. All-
the patient and health care professional h ital admissi d all li
Lifestyle interventions are excluded cause hospital admissions and all-cause mortality
were analyzed in the meta-analysis instead of cause-
specific outcomes because of the variation in how
cause-specific measures were analyzed and reported.
-
s ™ T T '
4759 referencesimported forscreening —»| 21 duplicatesremoved :
] 1
\ J Oy T VORI TIPS NN PSP SO
' l ™ I __________________________________________ i
1
4738 studies screened —»| 4523 studies were irrelevant :
™ l / Il_ __________________________________________ :
s ~ " """"""""""""""""""""""
1 .
215 studies eligible for full-text review —»i 162 studies excluded
\ ) | Exclusionreasons:

53 full-textarticles assessed for eligible

38 studies eligible for literature review and data
extraction

14 studies included in meta-analysis

FIG. 1.

PRISMA diagram for peer-reviewed articles screened.
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Table 3. Relevant Studies Included in this Literature Review

Study ID

Intervention type

Health
condition

Primary
outcome(s)

Study description

Angellotti et al.®

Baidwan et al.*®

Bekelman et al.>*

Benson et al.3®

Blum and Gottlieb®®

Bosworth et al.*?

Bowles et al.%*

RPM and Telehealth

Telehealth

RPM

RPM with
Teleconferencing

RPM

Remote Monitoring and
Telehealth

RPM with
Videoconferencing

Cardiometabolic

diseases (incl.

hypertension)

Hypertension

Heart failure

Hypertension

Heart failure

Hypertension

Heart failure

Telehealth feasibility
and acceptability

BP

Mortality

BP; medication
adherence

Hospitalization;
mortality

BP

Hospitalization

Participants received personalized text
messages of recommendations and
motivation regarding diet, exercise, and
medication adherence. A subset of
participants was additionally asked to
measure and report BP twice a day using
Bluetooth-enabled BP monitor and the
iHealth MyVitals app.

An organization-level analysis was conducted
using the Uniform Data System
administrative database to assess the use of
telehealth in community health centers for
patients with hypertension. The nature and
scope of telehealth included were not
specified.

Participants received a multicomponent
intervention to improve health status, which
included RPM and patient self-care support
(i.e, medication reminders, health
education), collaborative care disease
management, and screening and treatment
of depression.

The HeartBeat Connections program, a
teleconferencing-based health coaching
program, was administered to participants.
RDNs and RNs provided one 20-min call per
month to discuss medication management
and biometric and lifestyle CVD risk factors.
Participants additionally received a physical
handbook on CVD prevention. The
intervention was provided as a complement
to usual care.

The RPM protocol consisted of daily BP, heart
rate, weights, and 15-sec heart rhythm strip
readings that were transmitted wirelessly to
the patient’s file. Nurse practitioners
followed up with patients whose readings
were outside of individually assigned
parameters.

Participants received one of three
interventions: (1) physician- and nurse-
administered medication management, (2)
nurse-administered behavioral
management, or (3) a combination of the
first two. Intervention activities included
health behavior education and
modifications, and medication adjustment.
Participants were provided with a wireless
home BP monitor and telemedicine device
to record their BP once every other day.
Teleconferencing could be triggered based
on the participants’ BP metrics
measurements.

Participants measured predetermined
biometrics at home, which were
automatically transmitted to their care
team and monitored by a nurse. Readings
outside of normal range were reported
to the care team to determine changes
in the treatment plan. Participants
additionally received six videoconferencing
visits and four in-person home visits from a
nurse.
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Table 3. (Continued)

Health Primary
Study ID Intervention type condition outcome(s) Study description
Clark et al.>® RPM with Hypertension BP A prospective cohort study comprising of

Choudhry et al 33

Dalouk et al.*®

Davis et al.>’

de Peralta et al.*'

Fisher et al.’

Friedberg et al.**

Idris et al.'®

Videoconferencing

RPM Hypertension

Videoconferencing Heart failure

RPM Heart failure

Video and Heart failure
Teleconferencing

RPM Hypertension

Teleconferencing Hypertension

RPM with Heart failure

Videoconferencing

BP; medication
adherence

Mortality

Hospitalization

Hospitalization

BP

Assessment of
patient
reach/feasibility

Hospitalization;
mortality

patients with uncontrolled hypertension.
Patients in the intervention group received a
BP cuff monitor and tablet. Participants were
required to transmit BP readings twice daily.
Patients had live video BP review
appointments with a pharmacist every 3
weeks.

Participants received a multicomponent
intervention to address medication
adherence. The intervention comprised
tailored teleconferencing visits with a
clinical pharmacist, mailed progress reports,
and tailored medication adherence
strategies, which could include text
messaging and pill boxes, follow-up
consultations, and structured reports sent to
the participant’s primary care physician with
care coordination recommendations.

Participants were enrolled in a Telemedicine
Videoconferencing Clinic, which included an
unspecified number of video visits with a
physician or Nurse Practitioner. Participants
were additionally enrolled in RPM programs
as available.

Participants recorded daily symptoms and
received print educational materials on
symptom management. Home visits from a
care team were prompted by either care
team review of recorded symptoms or by
request.

Participants received consultation through
phone or video-to-home virtual care from a
Nurse Practitioner. Participants were
provided with care team recommendations
following the virtual visit.

Participants received a Bluetooth-enabled
home BP device that automatically
transmitted BP readings to their care team.
Medication could be adjusted by
teleconferencing on a biweekly basis
dependent on participant readings. Nurse
practitioners and pharmacists managed the
participants.

Participants received a monthly behavioral
intervention aimed at improving treatment
adherence through telephone. Interventions
were grounded within the Stages of Change
and Transtheoretical Models.

Participants in the Health Connect system
intervention received weekly
videoconferencing calls, as well as daily RPM
of BP, weight, oxygen saturation, and heart
rate. Videoconferencing calls covered topics
such as medication regiments, concerns
with regard to care, office visits, and any
additional care question that the participant
may have. Patient data were reviewed by a
physician or nurse with expertise in
cardiology. The cardiologist was consulted
to adjust medication or recommend for an
office visit when parameters were outside of
a normal range.

(continued)



Table 3. (Continued)

Study ID

Intervention type

Health
condition

Primary
outcome(s)

Study description

Kao et al."

Kothapalli et al.f°

Lakshminarayan
et al.’

Litke et al.*®

Magid et al."”

Mallow et al.>*

Margolis et al.>®

Milani et al.™

RPM

RPM

RPM

Video and
Teleconferencing

RPM and
Teleconferencing

RPM

RPM with
Teleconferencing

Remote Monitoring and

Telehealth with
Teleconferencing

Heart failure

Cardiovascular
disease

Hypertension (stroke)

Hypertension

Hypertension

Chronic conditions
(incl. hypertension)

Hypertension

Hypertension

Hospitalization;
mortality

BP

Medication
adherence

BP

BP; medication
adherence

BP

BP

BP

The Health Buddy Program combined
telehealth and care management.
Participants were provided with a Health
Buddy Device within their home to record
daily vital signs and health status
information. Participants received
automated educational feedback and
were triaged into low-, medium-, and
high-risk categories based on information
provided. Next step care was
subsequently determined based on risk
level.

This clinical trial utilized a web-based
telemedicine system. Participants were
asked to report BP, daily steps, weight, and
cigarette usage once a week.

Participants were given a wireless BP monitor
to measure their BP daily. Medications were
managed and adjusted accordingly on a
biweekly basis by a physician and
pharmacist.

The intervention aimed to improve access to
care for rural veterans through a combined
telehealth and CPS program. Participants
received medication management
videoconferencing and teleconferencing
visits with a CPS.

The multimodal intervention included home
BP monitoring and reporting three to four
times a week to an IVR telephone system, as
well as patient education. Participants were
managed by a clinical pharmacist and
additionally had the opportunity to request
a teleconferencing visit with the clinical
pharmacist or to receive educational
information.

Participants recorded BP, weight, and blood
glucose on a tablet and Bluetooth-enabled
self-monitoring device. Participants were
also provided access to mL SMART, a web-
based platform with asynchronous and
synchronous features, some of which
include videoconferencing, messaging
portal, health education, reminders and
notifications of medications, and access to
readings.

Participants measured their BP with home BP
telemonitors. Metrics were reviewed by
pharmacists, who adjusted medications
accordingly and provided information
regarding medication adherence and
lifestyle modifications through
teleconferencing.

Participants were asked to provide weekly BP
readings, which were automatically
transmitted to their EHR. Pharmacists and
health coaches delivered education,
recommendations, and medication
management through telephone calls.
Participants were additionally directed to a
hypertension management educational
website.
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Table 3. (Continued)

Study ID

Intervention type

Health
condition

Primary
outcome(s)

Study description

O'Connor et al*

Ong et al.®®

Ovbiagele et al.>

Pekmezaris et al.*

Piette et al.>®

Polgreen et al.”’

Ralston et al.'®

Rosen et al.*!

Simpson et al.>3

RPM

RPM with
Teleconferencing

RPM

RPM with
Videoconferencing

RPM with
Teleconferencing

Remote Monitoring and

Telehealth

Teleconferencing

RPM with
Videoconferencing

Videoconferencing
(Telestroke)

Heart failure

Heart failure

Stroke

Heart failure

Heart failure

Hypertension

Hypertension

Heart failure

Stroke

Hospitalization

Hospitalization;
mortality

BP; medication
adherence

Hospitalization

Medication
adherence

BP

BP; medication
adherence

Hospitalization

Mortality

Grounded within the Transitional Care Model,
the telehealth intervention employed a
wireless tablet-based system to collect
participant biometrics, including BP, heart
rate, weight, and blood oxygenation.
Participants additionally received
instructional videos.

The Better Effectiveness After Transition—
Heart Failure study employed an
intervention to address care transition in
heart failure patients. RNs health coaching
teleconferencing with participants.
Participants additionally recorded their BP,
heart rate, weight, and symptoms daily
through a Bluetooth-enabled device, which
were reviewed by RNs.

Participants received an electronic medication
tray and a Bluetooth-enabled BP monitor.
They were additionally provided with
weekly tailored email reports based on BP
readings and medication adherence rates.

Participants were provided with an in-home
American TeleCare video patient station,
which included a built-in BP monitor and
stethoscope. Nurses conducted
videoconferencing visits where they guided
participants in measuring their weight, BP,
and heart rate.

Participants received weekly IVR
teleconferencing about self-management
and health over the course of 12 months.
Participants were additionally asked to
identify a “CarePartner” who was external to
their household. The predetermined
CarePartner received automated emails with
suggestions for how to support disease care
for the participant.

Targeting rural areas, participants were asked
to provide 3 days of BP readings for each
month of the intervention. Pharmacists
certified as hypertension clinicians provided
education and recommendations to
participants through telephone, email, and
text message.

Clinical pharmacists met with participants at
the beginning of the intervention through
teleconferencing to establish an action plan.
Clinical pharmacists continued
communication by messaging at least once
every 2 weeks for the first 2 months,
monthly in the fourth through sixth months,
and every 3 months for the rest of the study.
Participants were additionally provided
home BP monitors.

Participants were asked to complete daily
check-ins of health status (i.e, medication
adherence, health concerns) through a
telehealth platform. Participants additionally
received weekly videoconferencing from a
social worker trained in heart failure coaching.

This population-level study analyzed billing
data and assessed the impact of exposure to
the state telestroke network within patients
suffering acute ischemic stroke.
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Table 3. (Continued)
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Health Primary
Study ID Intervention type condition outcome(s) Study description
Sobhani et al.>? Videoconferencing Stroke Hospitalization; Hub vascular neurologists provided

(Telestroke)

Taylor et al.*’ Videoconferencing Hypertension

RPM with
Videoconferencing

Updike et al."® Hypertension

Wakefield et al.*® RPM with

Teleconferencing

Hypertension

Yuan et al.>° Video and Heart failure

teleconferencing

Zha et al.>® RPM Hypertension

mortality consultation to network spoke facilities for

all patients presenting to the ED with stroke.

BP Physicians and nurse practitioners conducted
videoconferencing appointments with
patients. Topics discussed included lifestyle
modifications and medication adherence.

BP In this intervention, participants received a
Bluetooth-enabled BP monitor and were
asked to provide daily BP readings.
Participants additionally received weekly
videoconferencing appointments with
pharmacists to discuss their BP readings,
goals, and lifestyle modifications.

Participants were placed into one of three
groups: (1) usual care (control group); (2)
low intensity; and (3) high intensity. Both
intervention groups manually entered BP
and blood glucose into an in-home
telehealth device. The high-intensity group
received questions and informational tips
regarding lifestyle modifications and
medications through teleconferencing. The
low-intensity group received the questions,
but no informational tips. All participants
were managed by nurses.

Yuan et al. conducted a visit-level analysis
comparing in-person, video-based, and
telephone-based ambulatory cardiology
visits for heart failure.

BP This randomized control trial provided
participants with a Bluetooth-enabled BP
monitor that paired with the iHealth MyVitals
app, which provided feedback to
participants. Community health center
nurses, community health workers, and
other health care professionals were able to
remotely monitor participants’ BP.

Medication
adherence

Hospitalization

BP, blood pressure; CPS, clinical pharmacy specialists; ED, emergency department; EHR, electronic health record; IVR, interactive voice response;
RDNs, registered dietitians and nutritionists; RPM, remote patient monitoring; RNs, registered nurses.

Inclusion criteria for the meta-analysis consisted of
(1) a clear intervention and control group; (2) outcome
data for both the intervention and control groups; and
(3) comparable outcome measures (group means and
standard errors for blood pressure and proportions or
raw values for hospitalizations and mortality). Overall,
14 of the 38 articles describing telehealth interven-
tions met the inclusion criteria for the meta-analysis
(Table 4). Relevant information was extracted from
each of these articles, including methodological and
statistical details (i.e., statistical analysis process, sam-
ple size, quantitative outcomes, etc.).

We made two assumptions to convert data into a
consistent and usable format (e.g., means and standard
deviations) to conduct the meta-analysis because incor-
rect assumptions can cause inaccuracy in the impact
estimates for individual studies and pooled estimates.

After standardizing the parameters for the included
studies, we conducted our analysis using Stata 16°
and ran random-effects models using the DerSimonian
and Laird method.”"** The first assumption was made
about random-effect models and we assumed that stud-
ies included in the meta-analysis were a random sam-
ple of the distribution of effects and allow the true
effect to vary from study to study. This method weighs
studies based on the inverse of the sum of the variance
estimated between studies and the individual sam-
pling variance.

The next assumption made was that all included
studies had enough in common to be incorporated
in the meta-analysis for synthesis. Although studies
were similar, they may still have varied effect estimates
due to factors such as program setting, program fea-
ture, patient population, study design, and analytic
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Table 4. Evaluation Characteristics of Studies in the Meta-analysis (n=14)
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Evaluation Mean SBP Mean DBP
Study ID design Sample size change (SD) change (SD) % hospitalizations % mortality
Bekelman Randomized Treatment: 187 — — Treatment: 29% Treatment: 4%
et al>® Control Trial ~ Control: 197 Control: 29% Control: 10%
Benson Quasi- Treatment: 326 Treatment: 0.1 (1.4) Treatment: —1.3 (0.9) — —
et al3® Experimental Comparison: 702 Comparison: —0.9 (1.3)  Comparison: —2.3 (0.8)
Blum and Randomized Treatment: 93 — — Treatment: 31% —
Gottlieb®? Control Trial  Control: 182 Control: 38%
Bowles Randomized Treatment: 101 — — Treatment: 16% —
et al®* Control Trial  Control: 116 Control: 19%
Clark et al.>®  Quasi- Treatment: 118 Treatment: —14.1 (15.0) Treatment: —7.9 (8.6)
experimental Comparison: 871 Comparison: —7.3 (20.3) Comparison: —2.4 (12.8)
Davis et al3”  Quasi- Treatment: 59 — — Treatment: 8% —
2015 experimental Comparison: 59 Comparison: 17%
Idris et al.'®  Randomized Treatment: 14 — — Treatment: 7% —
Control Trial ~ Control: 14 Control: 50%
Kao et al." Quasi- Treatment: 230 — — — Treatment: 25%
experimental  Comparison: 230 Comparison: 48%
Magid Randomized Treatment: 138 Treatment: —13.1 (20.4) Treatment: —6.5 (11.7) — —
etal."” Control Trial ~ Control: 145 Control: —7.1 (16.6) Control: —4.2 (10.4)
Margolis Randomized Treatment: 188 Treatment: —21.3 (20.3) Treatment: —9.3 (16.4) — —
et al3® Control Trial ~ Control: 182 Control: —14.7 (20.0) Control: —6.4 (16.5)
Ong et al®®  Randomized Treatment: 715 — — Treatment: 23% Treatment: 3%
Control Trial ~ Control: 722 Control: 22% Control: 5%
Pekmezaris Randomized Treatment: 83 — — Treatment: 30% —
et al.*° Control Trial ~ Control: 85 Control: 29%
Simpson Quasi- Treatment: 27,042 — — — Treatment: 6%
etal>? experimental Comparison: 12,322 Comparison: 7%
Sobhani Quasi- Treatment: 55 — — Treatment: 9% Treatment: 2%
et al.>? experimental  Comparison: 87 Comparison: 17%  Comparison: 2%

DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

method. Therefore, we used random-effects meta-
analysis to account for variation (heterogeneity) in
effect estimates across studies by these factors.

Results
The 38 articles identified during the literature review
(Table 5) highlight the following telehealth strategies
to manage hypertension and CVD: RPM; synchronous
teleconferencing and/or videoconferencing (including
telestroke); and a combination of telehealth strategies,
which often includes mHealth.

This section describes characteristics of the specific
telehealth interventions that were included in the liter-

Table 5. Key Intervention Characteristics (n=38)

Health Primary

condition

intervention type

Primary outcomes

Hypertension
(n=21)

Heart Failure
(n=14)

Stroke (n=3)

RPM (n=15)
Teleconferencing and/or
videoconferencing (n=6)
RPM (n=11)
Teleconferencing and/or
videoconferencing (n=3)

Telestroke (n=3)

BP (n=17)

Medication adherence
(n=7)

Medication adherence
(n=1)

Hospitalizations (n=11)

Mortality (n=6)

BP (n=1)

Hospitalizations (n=1)

Mortality (n=2)

ature review and the findings related to social determi-
nants of health and health disparities. The final section
summarizes the corresponding outcomes for patients,
health care professionals, and health systems.

Description of intervention characteristics
Remote patient monitoring. Twenty-six of the 38
intervention studies included in this review focused
on the use of RPM. All RPM interventions included
in this review contained bidirectional communication
channels, or the ability for both patients and health
care professionals to send and receive information.
Collectively, the focus of RPM in the studies included
hypertension (n=15), chronic heart failure (n=11),
and chronic obstructive pulmonary disease (COPD)
(n=1; COPD was examined with heart failure in one
study).The devices or tools to measure biometric out-
comes were maintained in the patients’ homes."'
These data were transmitted in real time to a pati-
ent’s electronic health record (EHR) or to a remote
monitoring care provider (either at a medical facility
or off-site through a third-party vendor). Some patients
manually entered their vital measurements into a web-
based portal or through an IVR system. In RPM, com-
munication from the health care professionals varies:
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some engaged only when abnormal values were det-
ected, while others engaged with patients at regularly
scheduled time intervals. Some RPM interventions
included secure messaging threads, in addition to tele-
phone follow-up calls.'>**** Regardless of communica-
tion frequency, these follow-up visits were often used
as an opportunity to assess patient adherence with
their treatment plan and provide behavioral counseling.
While physicians played a role in most RPM pro-
grams, these programs were not commonly directly
led by physicians.'®'7***°"*> Among the interventions
reviewed, RPM implementation included clinical staff
such as advanced practice providers, pharmacists,
nurses, and dieticians as well as nonclinical staff such
as lay navigators and social workers. Most RPM inter-
ventions used a team-based approach with a nurse
and/or pharmacist who served as a coordinator
between the patient and the care team,'”>3>36:8:4042.43
Physicians were updated about patients, typically
through the EHR. When abnormal values were detec-
ted or changes to a treatment plan were needed, phy-
sicians were contacted to make necessary changes.

Synchronous videoconferencing and teleconferencing
services. Twelve of the intervention studies used vid-
eoconferencing or teleconferencing services to interact
with health care professionals (e.g., physicians, phar-
macists, nurses, psychologists). These interventions
focused on managing and treating hypertension
(n=7),">17*** heart failure (n=3),"" and stroke
(n=2).>>% These health care professionals were affili-
ated with primary care clinics, hospitals, and cardiol-
ogy specialty groups. Medication management was
commonly offered through synchronous teleconfer-
encing with pharmacists. Two articles in the review
focused on telestroke services.”>>> The telestroke care
teams consisted of a neurologist, neuroradiologist, neu-
rocritical care specialist, and a neurosurgeon.5 4 These
staff were supported by midlevel telestroke staff and
nursing personnel during the acute phase (first few
hours) of an ischemic stroke.

Combination telehealth interventions/strategies. Half
(n=19) of the interventions reviewed reported a com-
bination of telehealth strategies to manage hyperten-
sion and/or CVDs. Supplemental services included
text messaging (e.g., medication reminders or lifestyle
coaching),’ synchronous teleconferencing or videocon-
ferencing with pharmacists and other health care pro-
fessionals,” *® and IVR s.ystems..17 None of the studies
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included in our review focused solely on mHealth,
whereas nine of the interventions using RPM included
one or more mHealth components,®!*!33-343-38

For some health conditions, in-person visits may still
be needed; in these cases, telehealth visits supplement
in-person care. For example, interventions involving
patients with heart failure were sometimes conducted
in conjunction with home-based care, which include
regular home visits by home health nurses and aides.
In a study by Pekmezaris et al.,* recently discharged
patients with heart failure were able to be treated
with both live and video home health nurse appoint-
ments as a follow-up to RPM. The number of in-person
visits gradually decreased over time, and by the end of
the intervention, in-person visits were conducted only
if a nurse deemed the visit necessary.

Social determinants of health

and health disparities

Our review did not find peer-reviewed articles specifi-
cally focused on addressing social determinants of health
or health disparities through telehealth interventions for
hypertension or CVD. One intervention in the review
that delivered a telehealth intervention to a diverse
study population was the Hypertension Intervention
Nurse Telemedicine Study (HINTS).*> HINTS pertained
to the evaluation of the effect of nurse- and physician-
administered telephone-based telemonitoring interven-
tions on blood pressure among patients at the Veterans
Affairs Hospital in Durham, NC. Nearly half of the
study population comprised African American patients
(48%). One-third had a low literacy level (38%) and
were employed (35%). Two interventions in the HINTS
study significantly improved blood pressure control
relative to usual care at 12 months: behavioral manage-
ment telemonitoring (p=0.03) and medication man-
agement telemonitoring (p=0.03), but outcomes were
not compared by patient characteristics.

Outcomes for patients, health care professionals,

and health systems

Among the 38 telehealth interventions reviewed, the
primary CVD-related risk factors and outcomes tar-
geted were hypertension (n=21), heart failure (n=14),
and stroke (n=3). Among these conditions, the pri-
mary outcomes of interest varied, but included changes
in blood pressure (including blood pressure control),
medication adherence, hospitalizations, and all-cause
mortality (Table 5). Additional outcomes identified
included patient engagement and satisfaction.
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Below, we summarize outcomes for these 38 inter-
ventions, as well as the outcomes for the subset of arti-
cles that were eligible for the meta-analyses.

Patient outcomes

Blood pressure. Eighteen telehealth interventions
examined blood pressure as an outcome.>'>7'72%343¢
42,45.47,48,55,57-60 These interventions were effective at
helping patients reduce their overall blood pressure
and improve control and management of their blood
pressure. Studies using RPM with a supplemental tele-
health intervention commonly reported reductions in
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blood pressure at the conclusion of the study. Most
studies did not find significant differences in post-
intervention blood pressure between treatment and
usual care groups. Furthermore, patients utilizing tele-
health were able to maintain improvements in blood
pressure, with three studies seeing improved outcomes
lasting for 12 or more months.>***>

Among studies included in the meta-analysis (n=4),
changes in blood pressure were null for the interven-
tion groups (Fig. 2). The difference in SBP from base-
line to end of study was 0.06 mmHg (confidence
interval [95% CI]: —0.69 to 0.57) less for the treatment

'd N\
Changes in Systolic Blood Pressure
Treatment Control Hedgess g Weight

Study N Mean SD N Mean SD with 95% ClI (%)
Benson2018 326 1 14 702 -9 13 - 075[ 061, 089) 2531
Clark2021 118 -141 1496 871 -7.3 2033 —.—- -0.34 [-0.54, -0.15] 25.01
Margolis 2013 188 -21.3 2029 182 -147 19.96 —l— -0.33[-0.53, -0.12] 24.94
Magid2011 138 -13.1 2038 145 -7.1 1659 —l— -0.32[-0.56, -0.09) 24.74
Overall S — -0.06 [-0.69, 057]
Heterogeneity, 7 = 0.40,1" =97 82%, H = 4580

Testof8=6,:Q(3)=137.39,p=0.00

Testof89=0:2=-0.18,p=0.86

-5 0 h 1
Random-effects DerSimonian-Laird model
Changes in Diastolic Blood Pressure
Treatment Control Hedgess g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Benson2018 326 -1.3 9 702 -2.3 8 M 120[ 1.06, 1.34] 25.15
Clark2021 118 -79 859 871 -24 1280 - -0.44[-0.64, -0.25] 25.01
Margolis 2013 188 -93 1644 182 -64 1652 - -0.18[-0.38, 0.03] 24.97
Magid2011 138 -65 1169 145 -42 1044 —i -0.21[-0.44, 0.03] 24.87
Overall — e —— 0.10[-0.77, 0.96]
Heterogeneity T = 0.76, 1" = 98.81%, H" =83.87

Testof8=06:Q(3)=25161,p=0.00

Testof8=0:2=022,p=0.83

-5 0 5 1 15

Random-effects DerSimonian-Laird model

FIG. 2. Meta-analysis results for changes in systolic and diastolic blood pressure. Cl, confidence interval;

SD, standard deviation.
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group compared to the control group. Change in DBP
was 0.10 mmHg (95% CI: —0.77 to 0.96) higher in the
treatment group compared to the control group. Both
values were not statistically significant.

Medication adherence and management.
ventions assessed medication adherence.
232661 Eor the studies measuring this outcome, medica-
tion adherence was assessed using patient self-report
(n=5)"779433661 and  prescription claims data
(n=2).">% One study did not describe how it assessed
medication adherence.” Self-reports of medication
adherence were collected through telehealth visits, sur-
veys, and a mobile app or patient portal. Engagement
in telehealth interventions yielded mixed results for
medication adherence, with most interventions not
seeing significant differences between treatment and
usual care groups. Although, for one study examining
the impact of a pharmacist-led telehealth interven-
tion across 14 primary care practice sites,” significant
improvements in medication adherence occurred, but
did not translate into significant clinical improvements
in blood pressure for the treatment group.

Regular interactions with health care professionals
through telehealth did result in more responsive adjust-
ments to medication treatment plans. In some stud-
ies,">" this resulted in the treatment group having
more medication changes, including changes in dosage
and medication intensity (e.g., stronger antihyperten-
sive medicines) added to patients’ treatment plans.
For two of the studies that saw significant improve-
ments in blood pressure,''” these changes were medi-
ated by regular use of home blood pressure monitors
and adjustments in medication because of results trans-
mitted to pharmacists.

Telehealth, particularly interventions that include
monitoring, allowed health care professionals to engage
with their patients more often and receive more infor-
mation about their patients’ health status.®” These
additional interactions and information sharing helped
them to understand how a patient was responding to
their medicine and adjust as needed. When monitoring
was coupled with follow-up calls, patients were able to
express challenges to maintaining their medicine regi-
men such as side effects or cost, allowing the health
care team to be more responsive than waiting for tradi-
tional follow-up appointments.

To help with medication management and adher-
ence, some interventions utilized pharmacists and
social workers as a part of the telehealth intervention.

Eight inter-
15,17,33,36,43,
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Other interventions, such as that described by Ralston
et al,,"” utilized decision support tools embedded in the
telehealth platform to identify patients needing adjust-
ments to medication regimens, whereas in Rosen
et al,*! social workers were trained as health coaches
specifically for patients with heart failure, resulting in
96% adherence to treatment protocols.

Twelve studies in this review ass-
10,11,37,39-41,50-52,63-65

Hospitalizations.
essed all-cause hospitalization rates.
Hospitalization rates among patients in telehealth inter-
ventions focused on hypertension and CVD manage-
ment were similar to those receiving usual care. The
data related to hospitalization were mixed, with some
studies finding significant reductions, while others
found null results. Two interventions in this review
saw significant reductions in hospitalizations among
treatment groups. In addition, one study found hospi-
talizations among patients with heart failure receiving
telephone-based care to be higher compared to patients
with heart failure receiving video or in-person care.”
A study by Davis et al.’” saw a reduction in 30-, 90-,
and 180-day all-cause hospital readmission rates, but
not emergency room visits among patients in the tele-
monitoring intervention group.

Four studies specifically looked at cardiac-related
hospitalization and readmission outcomes (i.e., hospi-
tal admissions and readmission due heart failure; emer-
gency department visits and hospitalizations that had
an encounter diagnosis of heart failure within 90 days
of a cardiology clinic visit for heart failure; and heart
failure-related rehospitalizations, hospital days, and
emergency department visits). Three out of the four
studies found no significant difference in heart failure-
related hospitalizations or readmissions between the
intervention and control groups. One study found
that the intervention group had significantly fewer
hospitalizations compared to the control group
(p=0.03),10-36:45:58

In an intervention to test the feasibility of switching
to 100% video telehealth appointments for patients
with heart failure during the COVID-19 pandemic,
de Peralta et al.’" also assessed whether nurses could
properly identify patients who needed hospitalization
through telehealth. In this intervention, a specialized
protocol of assessments, such as checking oxygen levels
and surveying the patient for edema, was conducted by
a nurse practitioner over a video telehealth appoint-
ment. Using decision support tools to review the results
of the assessment, patients most at risk for a cardiac-
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related event were advised to call 911 for assistance.
Similarly, Pekmezaris et al.*’ found that participants
with heart failure, who were enrolled in RPM with
follow-up video calls, were hospitalized up to 4 days
sooner than patients in the usual care group.

Among the studies included in this meta-analysis
that assessed all-cause hospitalization(n = 8), the inter-
vention effect on all-cause hospitalizations was also
null (Fig. 3).

Mortality. Eight interventions included in the review
assessed mortality, which were conducted among heart
failure (n=6)'"1125496365 4nd stroke (n=2)">"? pati-
ents. As with hospitalizations, mortality from all causes
was assessed by these studies. The impact of telehealth
interventions on mortality was mixed, with three stud-
ies yielding significant results. These three studies focu-
sed on patients with heart failure (n=2) and stroke
(n=1). It is unclear why these interventions improved
mortality-related outcomes. No study specifically add-
ressed cardiac-related mortality.

Among the studies included in the meta-analysis
(n=5), patients in the treatment group saw reductions
in all-cause mortality ranging from 0% to 23% when
compared to the control group (Fig. 4). Patients with
heart failure receiving remote monitoring and patients
who received telestroke services had an overall statisti-
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cally significant 4% reduction in all-cause mortality
(95% CI —0.08 to —0.1). A reduction in all-cause mor-
tality was the only statistically significant outcome
observed in the meta-analysis.

Patient engagement and satisfaction. Several studies
in this review have indicated that patient satisfaction
with telehealth is high, with some patients preferring
it over in-person visits.””**°>” Other studies in this
review indicated that patient satisfaction extends
beyond interactions between patients and health care
professionals and includes perceptions of overall care
and treatment decisions.****°® None of the reviewed
articles specifically examined patient satisfaction
among patients who do not have regular contact with
health systems (i.e., they are not established patients
of either primary care or specialty care facilities). In a
survey of African American patients with hypertension
in Mississippi,*® 97% of respondents reported receiv-
ing the care they needed through telehealth during
the COVID-19 pandemic. Most respondents (81%)
also said that the quality of care for telehealth visits
was the same or better as in-person visits. In addition,
there were some benefits related to patient engagement
and knowledge.

Idris et al.'® found that telehealth appointments as a
follow-up to data transmitted through RPM allowed for

( A

Treatment  Control Risk Diff. Weight
Study Yes No Yes No with 95% CI (%)
Bekelman 2015 133 54 139 58 = 2 0.01[-0.09, 0.10] 15.13
Blum 2014 64 29 112 70 —- 0.07[-0.04, 0.19] 11.24
Bowles 2011 8 16 94 22 5 = 0.03[-0.07, 0.13] 1354
Davis 2015 54 5 49 10 - 0.08[-0.03, 0.20] 11.06
Idris 2015 13 1 7 7 —_ 0.43[ 0.13, 0.72] 258
Ong 2016 553 162 566 156 = -0.01[-0.05, 0.03] 25.16
Pekmezaris 2012 58 25 60 25 —— -0.01[-0.15, 0.13] 9.04
Sobhani 2021 50 b 72 15 - 0.08[-0.03, 0.19] 1225
Overall ¢ 0.04[-0.01, 0.09]
Heterogeneity: 1 = 0.00, I' = 45.00%, H" = 1.82
Testof 8 =6, Q(7)=12.73,p=0.08
Testof8=0:z=160,p=0.11

-5 0 5 1
Random-effects DerSimonian-Laird model

FIG. 3. Meta-analysis results for all-cause hospitalizations among patients with stroke and heart failure.
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( )
Treatment Control Risk Diff. Weight
Study Yes No  Yes No with 95% CI (%)
Bekelman 2015 8 179 19 178 —M—  -0.05[-0.10, -0.00] 17.70
Kao 2016 58 172 110 120 —— -0.23[-0.31, -0.14] 10.44
Ong 2016 24 691 39 683 M -002[-0.04, 0.00] 2545
Simpson 2020 1,689 25353 841 11,481 B -001[-001 -0.00] 27.89
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FIG. 4. Meta-analysis results for all-cause mortality among patients with heart failure or stroke.
|\ J

review of submitted data, monitoring of compliance with
medication and diet, and patient education. These
appointments led to patients feeling more in control of
their health and gaining a better understanding of their
conditions than in-person visits. This routine feedback,
from an RPM or mHealth device along with feedback
from health care professionals, can increase patient au-
tonomy by helping them to understand the impact of
behavioral decisions (e.g., diet, physical activity, and med-
ication adherence) on managing their health condition.®®

Telehealth during the COVID-19 pandemic. One
study examined the effectiveness of telehealth on pati-
ent outcomes during the pandemic.*’ In this study,
authors affiliated with the telehealth company Doctors
on Demand specifically examined the role of videocon-
ferencing for hypertension management in the United
States during the COVID-19 pandemic.”’” The authors
tracked videoconferencing among patients with diag-
nosed hypertension in their national database, who
had more than two blood pressure readings during
the study period (N=569). Overall, 77% of the patients
experienced an improvement in either SBP or DBP.
Furthermore, among patients who completed satisfac-
tion surveys (N=508), ~97% rated their visits as a 4
or 5 (out of a possible high score of 5 for satisfaction).

Discussion
This literature review and meta-analysis identified the
use of telehealth for a wide range of cardiovascular con-

ditions, including hypertension, stroke, and heart fail-
ure. The most common applications of telehealth for
cardiovascular conditions were RPM; teleconferencing
and videoconference visits (including telestroke and
home-based cardiac rehabilitation); and mHealth.
Often, the interventions used one or more applications
of telehealth.

The interventions ranged from the basic (e.g., bidi-
rectional SMS text messaging between patient and
health care professionals) to multicomponent inter-
ventions combining these various technologies (e.g.,
mHealth can include appointment and medication
reminders through text messages and is paired with
RPM). In the studies reviewed, patients receiving care
through telehealth saw improved blood pressure and
CVD-related outcomes, which were similar to, or better
than, those receiving usual care. These findings were
corroborated by our meta-analysis, which found no
significant difference between telehealth and control
groups for blood pressure changes and hospitalizations.
In fact, there was a small, yet significant, reduction in
all-cause mortality for patients receiving care through
telehealth.

RPM was the most frequently reported intervention
type found in this review and was used for monitoring
both hypertension and heart failure patients. In con-
junction with RPM, each of these studies included
patient counseling (virtual or by phone) about the con-
dition, challenges with treatment plans, and other rela-
ted topics.
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Below, we describe more fully four major findings,
and their implications, from the review.

RPM and its promise for hypertension

and CVD outcomes

RPM significantly improved outcomes for mortality,
yet its impacts on blood pressure and hospitalizations
were not as pronounced. For studies that tested within-
group differences, there were significant changes in
blood pressure outcomes for patients using RPM.
However, when comparing patients using RPM to
those not using the technology, few studies found sig-
nificant differences in blood pressure outcomes and
hospitalization rates. This suggests that for managing
blood pressure, RPM appears to be an effective comple-
ment to in-person care. There was also no significant
difference in hospitalizations. Most of the studies in
this review included a description of the protocol for
abnormally high blood pressure values, which inclu-
ded having a patient transferred to the emergency
department.

A 2020 systematic review of 91 RPM interventions
for CVD in the international setting similarly reported
mixed results for acute hospital use (i.e., hospitaliza-
tions, length of stay, emergency department presenta-
tion).”! RPM that involved an implantable device for
the monitoring of CVD (i.e., invasive monitoring)
effectively reduced hospital admissions compared to
noninvasive monitoring, which suggests that the type
of monitoring matters and was not distinguished in
this meta-analysis.

A secondary analysis of the 2020 systematic review
was conducted by Thomas et al. who qualitatively
assessed the interventions and identified six factors
that impact effectiveness of RPM interventions in
acute care use.”> The identified factors include target-
ing populations at high risk, accurately detecting a
decline in health, providing responsive and timely
care, personalizing care, enhancing self-management,
and ensuring collaborative and coordinated care,
which offer a guided framework tailoring of future
RPM interventions. Future studies can additionally
examine the impact of RPM interventions on the tim-
ing of hospitalizations and intensity of treatment for
patients with serious CVD-related conditions like heart
failure.

To our knowledge, this literature review and meta-
analysis is the first to summarize the impact of U.S.-
based telehealth interventions on specific CVD and
hypertension outcomes. The findings in our study are
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supported by systematic reviews on telehealth and
CVD, but these reviews include evidence from other
countries. For example, Safdar Khan et al.*® recently
published a systematic global review of 20 telehealth
and remote monitoring interventions for CVD between
2010 and 2020. Most of the studies (14 of 20) took place
outside the United States.

The systematic review found “moderate-grade evi-
dence of the beneficial effects of telehealth monitoring”
among patients with CVD for all-cause mortality and
hospital admissions. For example, the review noted
reductions in all-cause mortality in telehealth interven-
tions focused on patients with chronic heart failure in
five of six studies—which originated in China (two
studies), Belgium, Germany, Netherlands, and the United
States. Snoswell et al.>> reviewed 24 meta-analyses of
changes in mortality where telehealth health care inter-
ventions were delivered in multiple countries, includ-
ing the United States, by five medical disciplines
(cardiovascular, neurology, pulmonary, obstetrics, and
intensive care). Significant reductions in all-cause mor-
tality were observed in 8 of the 13 meta-analyses of
patients with heart failure, who used telehealth, com-
pared to patients engaged in usual care.

Team-based approaches as a benefit of telehealth
Another potential benefit of telehealth for CVD and
associated risk factors is that patients can connect
with a variety of health care professionals to manage
their condition, not just physicians. Most of the studies
reviewed included nurses, pharmacists, and other clin-
ical staff as first-line responders to patients. In several
ways, telehealth supports the concept of team-based
care delivery. For example, while physicians play a
role in most RPM programs, they are not commonly
led directly by physicians.

Most RPM interventions use a team-based approach
with a nurse, dietician, and/or pharmacist forming the
care team for the patient. Physicians are updated about
their patients, typically through the EHR system. Sim-
ilarly, home-based cardiac rehabilitation programs
utilize a team comprising physicians, nurses, physio-
therapists, and exercise physiologists. The fact that
the American Society for Preventive Cardiology relea-
sed a clinical guideline in 2020 in response to the
pandemic recommending cardiovascular care teams
expand care delivery using telehealth® is promising,
yet it remains to be seen how these guidelines will or
will not change once COVID-19 enters an endemic
phase in the Umited States.
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This review suggests that patients having a method
of communicating with health care professionals out-
side of a traditional care setting may be helpful, both
to keep patients engaged and abreast of their health
condition and to identify potential barriers to disease
management. Several studies described how engaging
patients through telehealth systems helped health
care professionals to identify problems with medication
effectiveness and adverse effects faster than the tradi-
tional in-office appointments.

Health care professionals received regular updates
about a patient’s health status, with vitals such as blood
pressure and weight captured in regular intervals ranging
from daily to weekly. These electronic interactions also
helped health care professionals identify barriers to fol-
lowing the treatment protocol and intervening, as
needed, working with a pharmacy to ensure refills were
received in a timely manner. Thomas and colleagues’
qualitative review of RPM interventions identified multi-
disciplinary team-based collaborative and coordinated
care as a key mechanism for effective RPM interven-
tions and offers further support for our finding.**

Combination interventions as a promising model

for care delivery

Half of the interventions in the review involved combi-
nation interventions, which points to an area worthy
of further exploration, particularly around impacts of
combination interventions on patient outcomes and
satisfaction. For example, the combination of RPM
plus mHealth was frequently mentioned in the articles
reviewed, and the pairing of technologies may provide
multiple avenues of communicating with patients,
which could have tangible effects on patient clinical
outcomes. This review also found that hybrid
approaches—for example, the use of both remote and
in-person visits following RPM for heart failure
patients—may be worthy of future consideration, espe-
cially in light of potential challenges for patients to
attend in-person follow-up visits.

Implications for social determinants of health

and health disparities: more exploration

of telehealth strategies that advance

health equity

A dearth of evidence exists describing the impact of tel-
ehealth on equitable CVD- and hypertension-related
outcomes. The HINTS study described the effective-
ness of telemonitoring on blood pressure outcomes
among a diverse study population, but did not assess
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outcomes by patient characteristics,*> which highlights
a major gap in the literature. In a follow-up to the orig-
inal HINTS study, Jackson and colleagues’® examined
whether there were different effects of the trial on
African American and non-Hispanic White patients.
African American patients receiving the combined
intervention of medication and behavioral health man-
agement through teleconferencing and the use of blood
pressure monitoring devices showed larger improve-
ments in blood pressure control compared to the Afri-
can American patients in the usual care group.

There was no significant difference between inter-
vention groups for non-Hispanic White patients in
the study, and no analysis comparing effects by race
was reported. The only other available evidence related
to health disparities was reported by researchers at
NYU Grossman School of Medicine,”! who presented
a novel study (not yet published) of Black and Hispanic
stroke survivors with uncontrolled blood pressure at
the International Stroke Conference 2020. The study
found that patients who received home blood pressure
monitoring plus telephone-based lifestyle counseling
by nurses had greater reductions in SBP than patients
who participated only in home blood pressure moni-
toring. The evidence for addressing health disparities
through telehealth is mixed and still emerging.

The lack of peer-reviewed articles focused on add-
ressing social determinants of health and health dispar-
ities through telehealth interventions for hypertension
and CVD affects our ability to understand the impact
of telehealth on populations that are disproportionately
affected by such conditions. Advancing health equity
through telehealth requires consideration of myriad
factors, including socioeconomic status (e.g., educa-
tion, income, occupation, employment status), health
care access, geographic location, and policies, all of
which can affect adoption of telehealth in health care
systems.

Future studies can examine, among these populations
most disproportionately affected by the factors, how tel-
ehealth is used, any unique barriers to utilization, and
the impact of these factors on hypertension- and
CVD-related outcomes. In addition, for interventions
focusing on populations at highest risk, having compar-
ison groups will help improve the strength of the evi-
dence available, giving us an understanding of the
intervention effects on those most at risk compared to
those with lower risk. This work is an opportunity to de-
velop evidence-based practices and clearly delineate the
program components that lead to successful outcomes.
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Limitations

There are several potential limitations to our approach.
First, there was a limited amount of peer-reviewed lit-
erature on clinically based telehealth interventions for
hypertension and CVD in the United States. The
review was limited in the number of studies that exam-
ined disproportionately affected populations, thereby
preventing our ability to conduct additional sub-
group analyses and thoroughly explore health equity
implications.

For the meta-analyses, because our estimates of
blood pressure and CVD-related outcomes were obtai-
ned by combining individual estimates for the pub-
lished literature, the quality of estimates depended on
the quality of underlying studies and our ability to har-
monize the data. Variation in reporting format and
outcome data provided by the study authors affected
the number of studies included in the meta-analysis.
Another limitation of the meta-analysis is that the hos-
pitalization and mortality outcomes that were amena-
ble to analysis in the meta-analysis were all cause
rather than cause specific. The lack of literature that
specifically reports the impact of telehealth interven-
tions on CVD- or hypertension-related hospitalizations
or mortality highlights a major gap in the literature.

Finally, publication bias, or the fact that studies
with statistically significant results are more likely to
be published than studies without statistically signifi-
cant results, is a common concern with meta-analyses.
As a result, our meta-analysis could have underrepre-
sented studies with negative/null findings.

Conclusion
In summary, the evidence presented in this study has
shown that telehealth interventions are a successful
complement to in-person care for hypertension- and
CVD-related outcomes such as changes in blood pres-
sure control, hospitalizations, and mortality for some
populations and specific intervention approaches.
Across all outcomes among the literature included, the
evidence supported telehealth as a similar or comple-
mentary strategy to in-person methods. These findings
demonstrate telehealth as a comparable method for
helping some patients with hypertension and/or CVD
manage their conditions. Through these interventions,
health care professionals can be more responsive to
the needs of patients and adapt treatment plans faster,
resulting in improvements in medication adherence.
In addition, telehealth has also been shown to imp-
rove patient care and clinical outcomes through its
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impact on hospitalization and mortality. Outside of
clinical outcomes, telehealth interventions appear to
improve patient engagement and satisfaction with
care, which can help empower patients to make more
informed choices to manage their condition. However,
further research and evaluation are needed to under-
stand the impact of telehealth on equitable access to
high-quality and affordable health care services for the
control and management of hypertension and CVD,
especially for patients most at risk for hypertension
and CVD.
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