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Home-Based Cardiac Rehabilitation

ABSTRACT
Cardiac rehabilitation (CR) is an evidence-based intervention that uses patient education, health behavior modiﬁcation, and exercise
training to improve secondary prevention outcomes in patients with cardiovascular disease. CR programs reduce morbidity and
mortality rates in adults with ischemic heart disease, heart failure, or cardiac surgery but are signiﬁcantly underused, with only a
minority of eligible patients participating in CR in the United States. New delivery strategies are urgently needed to improve
participation. One potential strategy is home-based CR (HBCR). In contrast to center-based CR services, which are provided in a
medically supervised facility, HBCR relies on remote coaching with indirect exercise supervision and is provided mostly or entirely
outside of the traditional center-based setting. Although HBCR has been successfully deployed in the United Kingdom, Canada, and
other countries, most US healthcare organizations have little to no experience with such programs. The purpose of this scientiﬁc
statement is to identify the core components, efﬁcacy, strengths, limitations, evidence gaps, and research necessary to guide the
future delivery of HBCR in the United States. Previous randomized trials have generated low- to moderate-strength evidence that
HBCR and center-based CR can achieve similar improvements in 3- to 12-month clinical outcomes. Although HBCR appears to hold
promise in expanding the use of CR to eligible patients, additional research and demonstration projects are needed to clarify,
strengthen, and extend the HBCR evidence base for key subgroups, including older adults, women, underrepresented minority
groups, and other higher-risk and understudied groups. In the interim, we conclude that HBCR may be a reasonable option for
selected clinically stable low- to moderate-risk patients who are eligible for CR but cannot attend a traditional center-based
CR program.

Cardiac rehabilitation (CR) services are an integral

and individuals from underserved populations, including

component in the continuum of care for patients with

those from underserved minority groups, those of lower

cardiovascular disease (CVD) (1,2). A Class Ia recommen-

socioeconomic status, and those who are uninsured or

dation, referral to CR is 1 of 9 performance measures for

underinsured.

secondary prevention established by the American Heart

It is clear that new CR delivery strategies are urgently

Association and American College of Cardiology (3) after

needed for the >80% of eligible patients in the United

myocardial infarction (MI) (4,5), percutaneous coronary

States who do not participate in CR (23,24). One potential

intervention (6), or coronary artery bypass graft surgery

approach is alternative site- or home-based CR (HBCR),

(7) or in the setting of stable angina (8) or symptomatic

which can be carried out in a variety of settings, including

peripheral arterial disease (i.e., intermittent claudication)

the home or other nonclinical settings such as community

(9). Referral to CR is also recommended after heart valve

centers, health clubs, and parks. In concept, HBCR could

surgery (10) or cardiac transplantation (11) or in the

help overcome some of the barriers that CBCR programs

setting of chronic heart failure (HF) with reduced ejection

face, including geographic, logistical, and other access-

fraction (12). Referral to CR after MI is part of the “defect-

related barriers. Although home-based exercise training

free care” performance measure that is included by the

is commonly recommended by CBCR staff for their pa-

Centers

the

tients on days when they are not physically present in the

consensus core set of cardiovascular performance mea-

CBCR center, “stand-alone” HBCR programs are still in

sures (13,14). The safety and effectiveness of the tradi-

their infancy. However, the European guidelines on CVD

tional medically supervised, center-based CR (CBCR)

prevention state that “home-based rehabilitation with

model are well established, and CBCR is effective in

and without telemonitoring holds promise for increasing

reducing hospital readmissions, secondary events, and

participation and supporting behavioral change.” (25); In

mortality in patients with CVD (1,2,15–21).

addition, Cochrane collaborative reviews of CR have

for

Medicare

&

Medicaid

Services

in

Unfortunately, the impact of CBCR in the United States

combined randomized studies of CBCR and HBCR trials,

has been substantially limited by signiﬁcant underuse

and a recent comparison of CBCR and HBCR has

among eligible patients. Data from several registries and

concluded that there is low- to moderate-strength evi-

databases indicate that although referral to CBCR is

dence that HBCR and CBCR have similar effects on quality

generally improving, patient participation remains low

of life and cost among patients with recent MI or coronary

across most demographic groups (22). Between 2007 and

revascularization (15,26–28).

2011, only 16.3% of Medicare patients and 10.3% of vet-

The use of HBCR, either alone or in combination with

erans participated in CR after hospitalization for MI,

CBCR (i.e., a hybrid approach to CR), represents a possible

percutaneous coronary intervention, or coronary artery

alternative that may improve the delivery of CR to eligible

bypass graft surgery (22). Participation is especially low

patients. HBCR has been incorporated into the healthcare

for Medicare beneﬁciaries, veterans, women, older adults,

systems of several countries, including Australia, Canada,
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TABLE 1

Home-Based Cardiac Rehabilitation

Potential Advantages and Disadvantages of
HBCR Compared With CBCR

Potential Advantages

F I G U R E 1 Target Health Behaviors for Cardiac Rehabilitation

Potential Disadvantages

Reduced enrollment delays

Lack of reimbursement

Expanded capacity/access

Less intensive exercise training

Individually tailored programs

Less social support

Flexible, convenient scheduling

Less patient accountability

Minimal travel/transportation
barriers

Lack of published standards for HBCR

Greater privacy while receiving CR
services

Less face-to-face monitoring and
communication

Integration with regular home
routine

Safety concerns for patients at higher risk

CBCR indicates center-based cardiac rehabilitation; CR, cardiac rehabilitation; and
HBCR, home-based cardiac rehabilitation.

and the United Kingdom. The British Heart Foundation
recently reported that in the United Kingdom >50% of
eligible patients are now participating in CR after a cardiac event or procedure (29). Table 1 lists potential advantages and disadvantages of HBCR, including the
possibility that HBCR could help to overcome some of the
logistical barriers (e.g., transportation and scheduling
barriers) that patients in CBCR programs face. In addition,
HBCR has the potential to expand the breadth and depth
of educational, counseling, and monitoring options for
patients because HBCR services can potentially be used 24
hours a day, 7 days a week, whereas most CBCR programs
are usually limited to the 3 to 4 hours of weekly in-person
contact between CBCR patients and staff. Because most
patients with CVD spend >5,000 waking hours each year
independent of medical providers (30), it is critically
important to arm them with behavioral change strategies
that can be implemented in their home, work, or community environments. Unfortunately, HBCR faces substantial challenges to implementation in the United
States, most notably a lack of reimbursement by the
Centers for Medicare & Medicaid Services and other thirdparty payers. Of interest, in a recent study of CR-eligible
patients, when given the option to receive CR through a
home-based or a center-based approach, nearly half
preferred a home-based approach (31).
Both CBCR and HBCR include a number of elements

patients over time. CR services empower patients to meet
the goals of increased physical activity, improved dietary
habits, optimal adherence to prescribed medications,
smoking cessation, and optimal psychosocial well-being,
thereby helping them to reduce their risk of future CVD
events (Figure 1).
The purpose of this scientiﬁc statement is to identify
the core components, efﬁcacy, strengths, limitations,
evidence gaps, and research necessary to guide the future
delivery and potential reimbursement of HBCR in the
United States. Such work has been previously carried out
for CBCR (32) but not for HBCR, deﬁned herein as systematic, comprehensive, and personalized services that
involve medical evaluation, prescribed exercise, cardiovascular risk factor modiﬁcation, patient education, and
behavioral

activation/counseling

that

are

delivered

mostly or entirely outside of the traditional CBCR setting.
This is in contrast to traditional CR services that are
implemented in a medical facility and require direct inperson observation of patients.

that overlap with usual care, including management of
lipids, blood pressure, diabetes

mellitus, and

car-

dioprotective medications (such as antiplatelet agents,

EVIDENCE FROM PUBLISHED STUDIES
COMPARING HBCR AND CBCR

b-blockers, angiotensin inhibitors, and statins). However,
both types of CR are differentiated from usual care by

The writing group carried out a systematic review of

their

published studies of HBCR compared with CBCR to assess

systematic,

multidisciplinary,

and

team-based

approach to patient-centered care that includes behav-

the comparative effectiveness and potential beneﬁts of

ioral counseling and patient activation, which are pro-

HBCR and to explore implementation strategies for

moted through multiple, individualized interactions with

developing HBCR programs.

135

136
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Search Strategy and Data Sources

Taiwan (52), Italy (53), and the Netherlands (54). Given

Comprehensive literature searches of EMBASE, CINAHL,

the differences in healthcare systems and costs in the

PsychINFO, PubMed, Web of Science, and the Cochrane

various countries, it is a limitation that we do not have

Library databases were conducted for peer-reviewed

speciﬁc analyses for studies from each of the various

articles published from January 1980 to January 2017.

countries. However, to address this point, we have

Examples of heading search terms were CR, secondary

mentioned the results of the U.S. studies separately in the

prevention, and HBCR.

sections related to cost and healthcare use, the issues that
may be particularly affected by the country in which the
studies were performed. Five studies were published in

Study Selection
Previous

meta-analyses

and

systematic

reviews

of

randomized trials have demonstrated that CBCR improves
morbidity,

mortality,

and

health-related

quality

of

life (HRQOL) in patients with an MI or those who have
undergone coronary revascularization. For this review, 4
members of the writing group (T.M. Beckie, T.M. Brown,
D.W.K., and R.J.T.) oversaw the literature search process
and identiﬁed 23 studies that used randomized, experimental designs that directly compared the outcomes of
HBCR and CBCR. These studies served as the primary
scientiﬁc basis from which the writing group formulated
this scientiﬁc statement. Meta-analyses, systematic reviews, qualitative studies, published letters, editorials,
and case reports were excluded. Studies comparing HBCR
with usual care were also excluded. Patient populations
included adults with MI, stable angina, or HF and those
having undergone coronary revascularization. Studies
were included if they evaluated $1 of the following health
outcomes: mortality, morbidity (reinfarction, revascularization, or cardiac-related hospitalization), exercise capacity,

modiﬁable

cardiovascular

risk

factors

(e.g.,

smoking, lipids, blood pressure, blood glucose, exercise
capacity), HRQOL, adverse events, health services use,

the year 2000 or earlier; 9 were published between 2001
and 2010; and 7 were published in 2011 and later. Trial
sample sizes ranged from 20 to 525 patients (total sample,
2,951) with follow-up ranging from very soon after intervention (e.g., 6, 8, 12, or 24 weeks) to 6 years later.
Although most studies included patients with uncomplicated MI or after coronary revascularization, 4 studies
exclusively studied patients with HF (36,44,45,49). The
duration (range, 1–6 months) and frequency (1–5 sessions
per week) of the HBCR and CBCR interventions reported
in the studies varied signiﬁcantly, making direct comparisons

challenging.

Fourteen

studies

evaluated

comprehensive programs (e.g., exercise training in addition to education or psychological management), and 7
studies

implemented

an

exercise-only

intervention

(38,39,42,44,45,50,52,55). One study evaluated a hybrid
program that started with identical interventions in both
HBCR and CBCR participants for the ﬁrst 4 weeks, but
from weeks 6 to 24, HBCR participants could participate
in either HBCR or CBCR exercise sessions (35). Other
HBCR interventions began with 2 to 8 supervised sessions
in

the

CBCR

facility

followed

by

HBCR

exercises

(27,42,47,53–55).

cost, or intervention adherence.

CORE COMPONENTS OF HBCR INTERVENTIONS

Data Extraction

The American Heart Association and the American Asso-

Supplemental Table 1 presents the categories of infor-

ciation of Cardiovascular and Pulmonary Rehabilitation

mation extracted from the 23 studies reviewed: design,

have previously deﬁned the core components of CBCR

participants and intervention details, length of follow-up,

known to optimize cardiovascular risk reduction, to

adherence, and health outcomes. The PRISMA (Preferred

enhance healthy behaviors, and to reduce cardiovascular

Reporting Items for Systematic Reviews and Meta-

morbidity and mortality (32). The 5 core components are

Analyses) statement and recommendations were used to

patient assessment, exercise training, dietary counseling,

guide the development and completion of this systematic

risk factor management (smoking, lipids, blood pressure,

review (33). We evaluated study risk of bias using the

weight, diabetes mellitus), and psychosocial intervention.

CONSORT (Consolidated Standards for Reporting Trials)

These same 5 components were used in the interventions

statement criteria (e.g., allocation concealment, dropouts

incorporated

and withdrawals, outcome blinding, and use of intention-

(Supplemental Table 2). We have adjusted these compo-

to-treat analysis) (34).

nents slightly, as described in the Core Components of

into

the

HBCR

studies

we

reviewed

Five of the 23 studies were conducted in the United

HBCR Interventions section below and shown in Figure 2,

States (35–39); 3 were conducted in the United Kingdom

to include medication adherence to emphasize the pa-

(28,40,41); 2 were conducted in Norway (42,43), Turkey

tient’s role in the medical control of lipids, blood pres-

(44,45), and Canada (46,47); and 1 was conducted in

sure, diabetes mellitus, or body weight. We believe it is

Denmark (48), Poland (49), Iran (50), Australia (51),

critical for both providers and patients to design HBCR
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F I G U R E 2 Structure, process, and outcome metrics for home-based cardiac rehabilitation.

programs to include important and effective

risk-

Exercise Training

modifying health behaviors that patients can directly

All interventions in the studies we reviewed, whether

control (physical activity, healthy eating, medication

HBCR or CBCR, included an exercise training component.

adherence, smoking, and stress management).

CBCR exercise sessions ranged in intensity (50%–95% of
peak heart rate, heart rate reserve, or exercise capacity),

Patient Assessment

modality (cycle ergometer, treadmill walking, circuit

All studies we reviewed included an initial baseline

training, cross-country skiing, hall games), and duration

evaluation of participants. Details of those assessments

(20–80 minutes per session, including warm-up and cool-

varied but generally followed the recommendations for

down exercises). In some cases, intensity or modality

patient assessment that were outlined by Balady et al. (32)

was not reported (51,55,56). Most CBCR programs were

and included a participant’s medical history, physical

supervised, group based, or monitored by electrocardio-

examination, and testing. The medical history encom-

graphic telemetry. The majority of HBCR exercise

passes cardiovascular events, procedures and surgery,

protocols involved walking with variable support via

left ventricular function, comorbid conditions (e.g.,

telephone calls or home visits from a physical therapist,

mental health and substance abuse), current symptoms

exercise physiologist, or nurse. One HBCR program pro-

(e.g., chest pain, shortness of breath, lower extremity

vided 4 weeks (12 sessions) of supervised CBCR exercise

edema), and lifestyle habits (dietary, physical activity,

sessions

tobacco and alcohol habits). The physical examination

and another provided 12 onsite visits or telephone

includes

calls, depending on patient preference (37). Three studies

a

full

cardiovascular-focused

examination.

with

electrocardiographic

monitoring

(35),

Testing includes the assessment of physical ﬁtness (usu-

provided heart rate monitors (45,53,54), and 2 others

ally measured by maximal exercise capacity or distance

provided remote electrocardiographic telemetry moni-

on a 6-minute walk test) and other components that help

toring (39,49).

to assess cardiovascular health, including a 12-lead ECG,

The provision of home exercise equipment is a poten-

blood pressure, resting heart rate, lipid levels, body mass

tially important component of HBCR that has not been

index, waist circumference, waist-to-hip ratio, blood

thoroughly evaluated by the existing studies. In the

glucose, glycosylated hemoglobin, psychosocial factors

hybrid CBCR/HBCR intervention tested in the HF-ACTION

(e.g., marital status, social support, anxiety, and depres-

study (Heart Failure: A Controlled Trial Investigating

sive symptoms), frailty (e.g., neuromuscular status, bal-

Outcomes of Exercise Training), the provision of home

ance, and cognition function), sleep-related health, and

exercise treadmills or stationary cycles plus a heart rate

patient-reported quality of life.

monitor during the HBCR portion of the intervention was

137

138
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associated with modest adherence in the intervention

strategies are particularly important components of CR

group (57). However, HF-ACTION did not include an

services, and several studies outside the CR setting sup-

intervention group that was not supplied with home

port the use of home-based and mobile health delivery

equipment. Indeed, it does not appear that any study

models of smoking cessation (59). Although the HBCR

formally tested the effect of supplying exercise equip-

studies included in this statement did not include

ment on adherence/retention in HBCR. Although most

adjustment of medication therapy for CVD risk factor

patients can achieve recommended levels of physical

management, close coordination of care between the CR

activity with brisk walking or jogging, some patients may

staff and the patient’s physician is critically important as

be unable to walk briskly or jog because of comorbid

the need arises for adjustments in preventive medica-

conditions or logistical barriers (e.g., lack of access to a

tions. In addition, several components of HBCR and

safe walking surface or gym). Evolving data suggest that

CBCR exert an important effect on CVD risk factor control,

the inclusion of other training modalities beyond brisk

including counseling to optimize exercise training,

walking or jogging can result in additional health beneﬁts.

dietary therapy, stress management, and medication

However, the use of such equipment in HBCR represents

adherence. Three studies explicitly reported providing

an area for additional study.

education on signs and symptoms of coronary heart disease and HF (36,49,51). Two studies offered support group

Dietary/Weight Management

sessions for patients and families in the HBCR study arms

Although details about the frequency and content of

(35,53).

dietary/weight management services were generally not
clearly described in the publications reviewed, most

EFFECTS OF HBCR COMPARED WITH CBCR

CBCR programs provided dietary counseling through
education sessions (35,37,39–41,43,47,48,51,53,54) or with

The overall effectiveness of HBCR compared with CBCR is

input from a dietitian (46,56). Dietary information was

generally difﬁcult to attribute to a single particular

conveyed in HBCR programs via the telephone (40,46),

component, particularly in those studies that included

weekly educational and counseling meetings (35,37,43),

bundled interventions comprising exercise training, di-

home visits (41), dietary counseling sessions and practice

etary counseling, weight management, psychological

cooking sessions (48), educational materials (39), or a web

support, and blood pressure and lipid management.

portal or smartphone (51).

Which components were most inﬂuential or how particular program or setting characteristics inﬂuenced patients

Psychological Support/Management

and health outcomes is difﬁcult to ascertain because of

Although not always described clearly, several of the

the diversity of patient characteristics, the length and

studies we reviewed offered psychological support

intensity of programs, and the mechanisms of delivery. It

or stress management in both the CBCR and HBCR

has been reported that lifestyle changes that occur during

arms (35,40,41,46,49,51,54,56). Only 1 study made any

CBCR can deteriorate when CBCR interventions are

reference to a theoretical foundation for its behavior

withdrawn (60). It is possible that the higher degree of

change interventions (35). Kraal et al. (54) speciﬁcally

self-monitoring/management and unsupervised exercise

described using principles of goal setting and motiva-

inherent in HBCR programs compared with CBCR may

tional

make the transition from active intervention to lifelong

interviewing

in

both

HBCR

and

CBCR

disease self-management more seamless, but this needs

interventions.

further investigation. In addition, the generalizability of
Medication Adherence

ﬁndings from these studies is very limited for nonwhite

Although medication adherence was not a reported

ethnic minorities, individuals in lower socioeconomic

outcome

several

groups, individuals who are uninsured or underinsured,

interventions included some form of education on

older adults, and women because these groups were

medications (35,37,39,40,51,58) or provided access to a

signiﬁcantly underrepresented in the studies reviewed.

of

any

of

the

studies

reviewed,

pharmacist (56).
Safety
Risk Factor Management

Given the fact that severe cardiovascular events are rare

Although the studies we reviewed focused on improving

even in CBCR studies including a mix of lower- and

cardiovascular risk factor control in study participants,

higher-risk patients (61,62), studies of HBCR are currently

the methods incorporated into the studies to achieve

underpowered to assess the risk of severe cardiovascular

improved risk factor control generally involved multi-

events, particularly in higher-risk patients. Given that

component strategies to improve lifestyle habits and

limitation, the safety assessments were similar in the

adherence to prescribed medications. Smoking cessation

studies we reviewed of HBCR versus CBCR, at least in the

Thomas et al.

JACC VOL. 74, NO. 1, 2019
JULY 9, 2019:133–53

Home-Based Cardiac Rehabilitation

low- to moderate-risk patients included in most studies.

assigned to CBCR. These data are limited by an overall low

An emphasis on safety was mostly apparent in earlier

completion rate and by the fact that many participants did

studies (38), studies involving higher-intensity training

not undergo follow-up cardiopulmonary exercise testing

(42),

(53).

on completion of the intervention. However, in at least

Furthermore, the challenge of typical clinical concerns

20 of the studies we reviewed, the effect of HBCR on

(e.g., monitoring glucose levels in diabetes mellitus, he-

improvements in exercise capacity (i.e., peak oxygen

modynamic changes, falls, impaired cognition, anxiety)

uptake) appears to be similar to that observed from CBCR.

and

those

that

enrolled

older

patients

was not mentioned in the studies we reviewed. In a time

In addition to using peak oxygen uptake to assess

when patients with CVD are more likely to be older and

exercise capacity, some studies have examined other

frail, to have more comorbidities, and to be at greater

measures of exercise capacity. Improvement in the dis-

cardiovascular risk, assumptions about the clinical safety

tance achieved on an incremental shuttle walk test was

and efﬁcacy of HBCR for these patients merit greater

evaluated in 2 studies and was similar in those HBCR

scrutiny.

participants

and

CBCR

participants

(36,41,55).

The

improvement in distance achieved on a 6-minute walk
Mortality

test was analyzed in 2 studies and was found to be similar

Several studies reported all-cause mortality data for up to

in those participating in HBCR and patients participating

12 months after the intervention and revealed no statis-

in CBCR (45,48). Improvements in the peak metabolic

tically signiﬁcant differences between CBCR and HBCR

equivalent tasks achieved on an exercise test (38,56,70),

(38,40,43,44,48,49,56,58). However, a 12-month follow-

peak exercise duration (44), and work capacity on a cycle

up may be too short to show a signiﬁcant impact on

ergometer (53) were also similar in those assigned to

mortality, and the relatively small sample sizes of the

HBCR and those assigned to CBCR. In general (50), the

studies limited their power to detect a true difference in

magnitude of improvement in exercise capacity across all

outcomes. Moreover, the lower-risk status of patients

studies appeared to be similar in HBCR and CBCR settings.

enrolled in most studies further weakens the statistical
power to detect true differences between the groups. It is

Modiﬁable Risk Factors

difﬁcult to ascertain from published studies whether

Multiple studies have examined the differential effect

there are trends over time in the comparative effective-

that HBCR and CBCR have on participant weight, blood

ness of HBCR and CBCR, especially taking into consider-

pressure, lipid values, and tobacco use. Collectively,

ation temporal trends in secondary prevention efforts in

changes in these modiﬁable risk factors were similar in

clinical practice (usual care) settings. Among the studies

HBCR and CBCR among participants selected for these

that examined morbidity data beyond 1 year, Smith and

clinical trials. Outcomes for weight were speciﬁcally re-

colleagues (63) reported no signiﬁcant between-group

ported in 5 of these studies (37,46,48,51,63), and in all 5

differences in clinical events at the 6-year follow-up. A

studies, there was no difference in the change in weight

total of 46 of 74 patients participating in CBCR (62%)

between the HBCR and CBCR participants. Similarly,

experienced a rehospitalization during the follow-up

blood pressure changes were speciﬁcally reported in 8 of

period compared with 35 of 70 patients participating in

these studies (35,37,41,48,50,51,56,70). Most of these

HBCR (50%), and the median time to ﬁrst rehospitaliza-

studies reported a similar effect on blood pressure in

tion was similar for both groups (4.49 years). However,

HBCR and CBCR participants. The effects on lipids were

the total number of rehospitalizations was higher in

reported in 7 of these clinical trials (35,37,41,43,48,50,51).

patients participating in CBCR (n ¼ 79) compared with

Although there were some isolated differences in the

patients participating in HBCR (n ¼ 42). Two studies

response of individual lipid parameters in HBCR versus

reported no difference in revascularization or recurrent

CBCR, the remainder of the studies reported similar

MI events between HBCR and CBCR programs (41,56).

changes between HBCR and CBCR (35,37,41,43,48). Several
studies found no difference in tobacco use/smoking

Exercise Capacity

behaviors

Most studies comparing outcomes in individuals partici-

(37,40,48,56).

between

CBCR

and

HBCR

interventions

pating in HBCR and CBCR reported data on exercise
capacity,

including

gas

exchange

in

most

cases

Health-Related Quality of Life

(35–39,41–50,52–56,63–68). The majority of these studies

Our review included 10 studies comparing the impact of

reported data on changes in peak oxygen uptake among

HBCR and CBCR on HRQOL from a previous Cochrane

these clinical trial participants (35,37,42–49,52,54,63–

review (26) and 3 other studies that have been published

66,68,69). In almost all of these studies, the improve-

since that review (Supplemental Table 3). Collectively,

ment in peak oxygen uptake observed in those in-

the 13 studies measured HRQOL using generic measures

dividuals assigned to HBCR was similar to that in patients

(EuroQol-5D,

EuroQol-5D

Index,

Nottingham

Health
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Proﬁle, Short Form-36, and Sickness Impact Proﬁle) and

included progressive exercise training, lifestyle coun-

1 disease-speciﬁc instrument (MacNew). Although com-

seling, and psychosocial counseling. The studies we

parisons across studies are not possible given the use

reviewed did not include maintenance phases of HBCR

of different measurement instruments and different

longer than 36 weeks, although it is probable that the use

follow-up periods, most studies reported improvements

of such longer-term options is likely to help improve

in overall HRQOL scores or subscale scores from baseline

longer-term adherence to the therapies initiated in the

to follow-up for both HBCR and CBCR. However, 2 studies

earlier postevent phase of HBCR.

using the EuroQol-5D showed no changes in either HBCR
Costs and Healthcare Use

or CBCR (41,56).

Costs were reported in 5 studies and in 1 study
Withdrawals and Adherence

from

An important potential beneﬁt of HBCR is that its ﬂexi-

(35,41,53,55,56,70,74). Differences in the costs, cur-

bility may help improve the low levels of CR participation

rencies, and dates included in analyses limit the ability to

and adherence that have been reported in many CBCR

directly compare these studies. Of the 2 studies reporting

studies. In general, the studies included in our review

statistical comparisons of costs, 1 study found no signiﬁ-

report that patient adherence strategies for HBCR appear

cant difference in costs (70). Another found that HBCR

the

United

States

(Supplemental

Table

4)

to be comparable to those observed in CBCR. A recent

cost £41 more than CBCR, but there was no signiﬁcant

Cochrane review by Taylor et al (27) was not able to pool

difference in costs when patient travel costs were

adherence data results because of substantial variation in

included (41). Of the 3 studies reporting statistical com-

the way that adherence was reported. However, 7 of the

parisons of the use of non-CR healthcare services (e.g.,

studies in that report, and in the studies that we

medications, outpatient care, inpatient care), 2 reports

reviewed, found no evidence of a signiﬁcant difference in

found no signiﬁcant difference in use between HBCR and

the level of adherence between HBCR and CBCR. Three

CBCR (41,70), and 1 study reported fewer medical visits

other studies showed a higher level of adherence with

and hospitalizations with HBCR (53). Quality-adjusted

HBCR than with CBCR. In addition, the rate with which

life-years were reported in 2 studies, and both found no

patients

(i.e.,

signiﬁcant difference in quality-adjusted life-years be-

completion or graduation rates) was slightly higher

attended

all

prescribed

CR

sessions

tween HBCR and CBCR (41,70). One study from the United

among the HBCR participants compared with CBCR par-

States included limited cost data and suggested that costs

ticipants (relative risk: 1.04 [95% CI: 1.01–1.05]; p ¼

may be lower for HBCR compared with CBCR (35).

0.009). Longer-term adherence after the initial phase of
HBCR or CBCR, a critically important issue, was not re-

Risk of Bias

ported in any of the studies reviewed. In addition, it is

The risk of bias in many of the studies included in this

unclear how much the use of HBCR might improve the CR

review has previously been evaluated in an abridged

participation gap that currently exists. A recent study

Cochrane review (26,27). However, the studies reviewed

from the Veterans Health Administration found that pa-

generally lack sufﬁcient detail to accurately assess their

tients offered referral to HBCR or facility-based CR were 4

methodological quality and thus judge their risk of

times more likely to participate than those offered referral

bias. Determining selection bias was difﬁcult because

to facility-based programs alone (22,71), and a study from

most reports provided few details on random allocation

Kaiser Permanente in Colorado found that 41% of eligible

sequence generation and concealment. Two studies

patients participated in their HBCR program (72). How-

revealed evidence of nonequivalence in baseline partici-

ever, another study from Toronto, ON, Canada, reported

pant

that only 10% of eligible patients receiving CR elected to

reported

participate in HBCR, despite it being covered by the local

(36,40,41,46,47,52,53,56). Because protocol adherence

insurance provider (73).

was not addressed in the studies reviewed, it is impos-

characteristics
masking

(36,46).
the

Only

study

8

of

outcome

21

studies

assessments

sible to determine the extent to which interventions were
HBCR Sessions and Dose

implemented

Although the typical full dose of early outpatient (phase 2)

appeared to conduct intent-to-treat analyses, for many,

with

ﬁdelity.

Although

most

studies

CBCR in the United States is generally accepted as 36

this was difﬁcult to ascertain without CONSORT diagrams.

sessions 60 to 90 minutes in length over a period of 12 to

Several studies failed to conduct intention-to-treat ana-

36 weeks, the ideal dose of HBCR early after a qualifying

lyses, a factor that would tend to result in overestimation

event is not well deﬁned. The typical HBCR intervention

of treatment effects (40,42,50–52). Reporting of loss

dose in the studies reviewed for this statement included 3

to follow-up or dropouts was very diverse across

to 5 sessions of exercise training per week over a period

studies according to intervention arm. Similarly, the dose

of 8 to 12 weeks. Additional sessions of HBCR have

(intensity, duration, and frequency) of the interventions
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for HBCR and for CBCR varied signiﬁcantly in the studies
reviewed, making precise interpretation of the results

TABLE 2

challenging. This is particularly difﬁcult when interventions were individualized to patient needs or
health status. There was evidence of crossover between
interventions in 1 study (47) and potential mixing of
groups in another (54). The HBCR programs tended to
use lower intensity and, in some cases, lower frequency
of intervention compared with the CBCR programs. As
noted in the Cochrane review of HBCR that included
most of the articles we reviewed, low-quality reporting
in the published studies makes it difﬁcult to assess degree
of bias, including publication bias (i.e., that positive
studies are more likely to be published than negative
studies).

KEY FACTORS ASSOCIATED WITH
SUCCESSFUL IMPLEMENTATION OF HBCR
Several delivery models for HBCR have been shown to
address the challenges of implementing HBCR. Table 2
lists examples of speciﬁc implementation strategies
shown to help improve CR participation. A frequently
studied example for HBCR is the Heart Manual Program
from the United Kingdom. Originally described in 1992,
this 6-week self-management program includes health
education, exercise training, and stress management,
with telephone or in-person guidance from a trained
facilitator (40). Another model that has been used in
Canada involves 6 months of home-based exercise
training with phone calls from a provider every 2 weeks to

Twelve Strategies to Facilitate Increased Referral
to, Enrollment in, and Long-Term Participation
in CR Programs

1. Achieve strong endorsement of outpatient CR by referring physicians and
hospital administration by incorporating it into the hospital discharge plan
2. Automatically refer all eligible patients to outpatient CR at the time of hospital
discharge
3. Use hospital-based liaisons to provide CR information and education to
inpatients before discharge
4. Develop a brief (5–10 min) promotional video about the value of outpatient CR
that can be shown to all inpatients during hospital convalescence
5. Provide patients with contact information for outpatient CR programs in close
proximity to their home
6. Schedule CR enrollment appointments via the patient’s preferred
communication mode (telephone call, text message, email, or regular mail)
7. Provide the option of an HBCR program at the time of hospital discharge for
low- to moderate-risk patients
8. Consider system-, provider-, and patient-level ﬁnancial incentives for referral
to, enrollment in, and completion of early outpatient exercise-based CR
sessions
9. Target speciﬁc patient subsets least likely to enroll in and complete CR
(e.g., racial/ethnic minorities, women, older adults, rural residents, and
economically disadvantaged individuals) via a network of diversity liaisons
10. Develop a series of integrated practice units, staffed by allied health
professionals, that can provide counseling via in-person visits or through
web-based and mobile applications, telephonic coaching, handheld
computer technologies, or the internet
11. Establish medication dosing and adherence as a quality assurance initiative
in CR
12. Offer serial assessments to track ongoing efforts for cardiovascular risk
reduction, including physical activity/ﬁtness
Adapted and reproduced from Higgins et al. (75) with permission. Copyright ª 2008,
The Medical Journal of Australia. Adapted from Ades et al. (76) with permission from
Mayo Foundation for Medical Education and Research. Copyright ª 2016, Mayo
Foundation for Medical Education and Research.
CR indicates cardiac rehabilitation/secondary prevention programs; and HBCR, homebased cardiac rehabilitation.

monitor progress, to assess adherence, to revise exercise
prescription, and to provide support and education (46).

Patient-Level Factors

Costs of the home-based programs in the United Kingdom

Patient motivation, self-efﬁcacy, and engagement are the

and Canada are covered by the national healthcare sys-

most important predictors of healthy long-term lifestyle

tems of each country. However, such programs are

changes and adherence to prescribed drug therapies.

generally not covered by third-party payers in the United

However, the likelihood of success increases when

States. One exception is the MULTIFIT home-based pro-

counseling messages are tailored to an individual pa-

gram implemented at Kaiser Permanente Northern Cali-

tient’s goals and readiness to make speciﬁc changes (78).

fornia (77). This nurse-based case management system

The 6-stage Transtheoretical Stages of Change Model (79)

starts during hospitalization for acute MI or revasculari-

can be used to evaluate a patient’s stage of readiness to

zation and is followed over the subsequent 6 months by

change a lifestyle habit before being counseled to change

up to 12 nurse-initiated telephone contacts, up to 4

a speciﬁc behavior. For example, providing perception

outpatient visits with a nurse case manager, and

alteration or a critical analysis of the pros and cons of

computer-generated progress reports based on patient

changing

questionnaires. Various hybrid approaches have also been

contemplator and contemplator, respectively. Similarly,

tried (37,47,51). These typically include a combination

the preparation, action, maintenance, and relapse stages

of $1 facility-based sessions, usually focused on ﬁtness

may be sequentially addressed by exploring alternative

behavior

may

be

required

for

the

pre-

assessment and exercise training, plus a number of home-

action plans, providing speciﬁc instructions (step-by-step

based sessions, usually focused on the implementation of

guides), offering positive personal feedback, and halting

preventive therapies with the aid of patient education

recidivism. Although most people believe that a single

and motivational interviewing techniques.

behavior change is preferred at any given time, multiple
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simultaneous changes may be easier to adopt and sustain

the part of the patient, adherence to prescribed car-

because they quickly yield perceptible beneﬁts (80).

dioprotective medications, and ongoing engagement in

Successful approaches to behavioral activation include

health care reduce the potential for recidivism. Finally,

the provider conveying understanding, acceptance, and

the antedated mentality that CR is a time-limited inter-

interest in the patient as an individual; expressing

vention delivered in a supervised medical setting must be

empathy for unhealthy lifestyle practices; helping the

expanded to help empower patients to continue with

patient understand and accept the need for change;

their secondary prevention treatment plan in the longer

identifying the patient’s stage of readiness to change;

term wherever they live, work, worship, or play.

encouraging patients to hear themselves express why
they want to change; and helping patients to identify,

System-Level Factors

understand, and work through the barriers, challenges,

Endorsement of HBCR and reimbursement at the health

and opportunities that inﬂuence their health-related be-

system level are by far the most critical factors inﬂuencing

haviors (e.g., job-related stressors, ﬁnancial challenges)

the success or failure of HBCR programs. Some countries,

(81). Additional steps involve helping patients overcome

including the United Kingdom, Canada, and Australia,

inertia and gain momentum with small serial successes

have national healthcare coverage policies that endorse

over time, which should be viewed as an ally to successful

and cover either CBCR or HBCR for patients with various

lifestyle modiﬁcation and a tool for dealing with inevi-

cardiac conditions. In the United States, insurance car-

table recidivism (82,83). Clinicians should be aware of

riers, including the Centers for Medicare & Medicaid Ser-

time-related challenges for patients and ensure the

vices, have coverage policies that endorse and cover up to

availability of convenient hours of operation for “real-

36 sessions of CBCR; however, coverage does not gener-

time” (synchronous) HBCR, as well as for asynchronous

ally include HBCR except when it is provided as part of

HBCR. Technological advancements, including physical

home health services for homebound patients (i.e., those

activity tracking, web-based and mobile applications,

who are unable to leave home without considerable and

handheld computer technologies, the internet, and

taxing effort) who have a speciﬁc need that requires the

various wearable devices (84), may be helpful in this re-

skills of a licensed nurse or physical therapist (88a).

gard. Clinicians should also discuss other practical issues

Although some patients who undergo coronary artery

with patients who participate in HBCR, including their

bypass graft surgery meet these requirements, many pa-

access to exercise equipment and facilities, availability of

tients eligible for CR do not. Clearly, the lack of

support systems (including family members and friends),

endorsement and reimbursement for HBCR is a major

and relevant comorbidities (e.g., balance in older adults).

limiting factor to HBCR implementation in the United

The core of effective counseling is a patient-centered

States.

approach in which providers work with their patients to

Speciﬁc strategies designed to circumvent or attenuate

create and implement an action plan to achieve their self-

common barriers to referral, participation, and adherence

determined goals, resulting from questions carefully

are summarized in Figure 3 (24,75,88).

posed by the provider (85). The underlying power of this
therapeutic approach, known as motivational interview-

Practical Considerations

ing, is that patients, with support from others, convince

Roles and Competencies of Personnel

themselves to change behavior rather than rely exclu-

Traditional CBCR is implemented with the knowledge,

sively on suggestions or advice from others (82,83,86).

skills, and certiﬁcations of a multidisciplinary team of

Speciﬁc strategies to circumvent or attenuate common CR

healthcare professionals. In the studies reviewed, nurses

barriers and to enhance patient referral, participation,

and exercise physiologists supervised most HBCR pro-

and adherence to secondary prevention therapies, which

grams. In this scenario, it is feasible to triage medical

clearly improve patient outcomes (87), are summarized in

problems that arise to appropriate physicians, dietitians,

Table 2 (24,75,88).

pharmacists, psychologists, and related specialty programs (e.g., smoking cessation clinics).

Provider-Level Factors
The referring provider has 3 vital roles in the imple-

Durable Medical Equipment

mentation of CR: referring eligible patients, encouraging

Although exercise training can be achieved with activities

patient participation, and communicating the importance

that do not require specialized exercise equipment,

of long-term lifestyle changes. CR is not intended to

home-based exercise equipment can be an important part

provide a short-term therapy but rather to help patients

of HBCR programs if available to patients. Such equip-

make essential lifestyle changes (e.g., walking for

ment includes treadmills, elliptical trainers, exercise

30 min/d) that will inﬂuence the long-term course of their

pedalers, or stationary bicycles for aerobic training; pe-

disease. Greater emphasis on personal accountability on

dometers or accelerometers for activity tracking; and
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F I G U R E 3 Key opportunities to increase patient engagement in cardiac rehabilitation.

resistance bands for strengthening. Heart rate monitors

comprehensive education workbook for secondary

can help patients maintain ﬁdelity to exercise pre-

prevention in patients with CVD (92). It includes 22

scriptions but often require out-of-pocket payments that

chapters focused on secondary prevention topics and

are not feasible for many patients. Other items such as

provides speciﬁc tools for helping patients with goal

blood pressure monitors, bathroom scales, glucometers,

setting, exercise, healthy eating, and risk factor

and pill organizers can also be used as an important part
of the patient’s follow-up care.

management.
n

National Heart Foundation of Australia/Australian Cardiac Rehabilitation Association: In 2015, the National

Patient Educational Materials

Heart Foundation of Australia and Australian Cardiac

Numerous educational resources are available for patients

Rehabilitation Association published a comprehensive

enrolled in HBCR programs (Table 3). These materials

book, My Heart, My Life, that includes extensive

should be used and adapted according to patient needs,

educational materials and tools for patients recovering
from acute MI or coronary revascularization (93).

health literacy, and learning abilities/limitations. Some
n

examples are:

Promising Practices in the Veterans Health Administration: The US Department of Veterans Affairs has

n

UK Heart Manual: Originally developed in 1992, the UK
Heart Manual (NHS Lothian) is perhaps the most

developed home-based rehabilitation programs for
qualiﬁed individuals. (93a 94,95)

extensively studied self-management book for patients
recovering from acute MI or coronary revascularization.
It must be facilitated by specially trained healthcare
professionals, who work with patients and their caren

TABLE 3

Selected Electronic Patient Education Resources

givers (89).

Website

American Heart Association/MULTIFIT: The American

https://www.cdc.gov/heartdisease

Written materials and podcasts for
reliable health and safety
information

https://www.heart.org

Educational materials for engaging
patients with interactive tools

https://www.cardiosmart.org

Educational materials, risk calculators,
and mobile applications for
medication reminders

ondary prevention topics such as eating well, exer-

http://www.aacvpr.org

Educational resources for patients

cising, losing weight, reducing stress, quitting smoking,

https://mendedhearts.org

A support organization for cardiac
patients

https://www.goredforwomen.org

Patient education in English and Spanish

https://womenheart.org

A support organization for women with
heart disease

http://www.pcna.net

Downloadable patient education
booklets; education also provided in
Spanish

statewide telemedicine statutes. A total of 28 educa-

http://www.theheartmanual.com

UK Heart Manual

tional audio-PDFs are freely available to patients and
the public (91).

https://www.henryford.com/services/ Patient education across a variety of
cardiology/cardiac-rehab/homecardiovascular disease–related topics
based-cardiac-rehabilitation
using audio PDFs

University Health Network Toronto Rehabilitation

https://www.cardiaccollege.ca

Patient education and a downloadable
guide for living with cardiovascular
disease

https://www.heartfoundation.org.au

My Heart, My Life

Heart Association has published a book and DVD titled
An Active Partnership for the Health of Your Heart (90)
based on the MULTIFIT program that was originally
developed as an intensive case management system by
DeBusk et al. (77). The book includes 12 chapters
focused on relevant self-management skills and sec-

and taking medications.
n

Henry Ford Health System: The Henry Ford Health
System has helped to pioneer a telemedicine-based
HBCR program that is covered by both Blue Cross Blue
Shield of Michigan and the Health Alliance Plan of
Michigan for CR programs in Michigan that comply with

n

Institute: The Cardiovascular Prevention and Rehabilitation Program at the University Health Network
Toronto

Rehabilitation

Institute

has

published

a

Brief Description
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CHALLENGES AND POTENTIAL

symptoms (n ¼ 2,331) were enrolled. In this study, par-

SOLUTIONS IN HBCR

ticipants were prescribed 36 CBCR sessions followed
by $9 months of HBCR. A heart rate monitor (chest/wrist

In theory, HBCR can help improve delivery of CR to

heart rate monitor/watch) and daily exercise records were

eligible patients by overcoming common barriers that

used to guide and monitor exercise intensity at home. No

impede a patient’s participation in CBCR, including

signiﬁcant difference was reported between the exercise

transportation challenges, competing time demands, and

and usual care groups for the overall rate of hospitaliza-

the lack of CBCR near a patient’s home. These and other

tion (1.9% versus 3.2%, respectively) or death (0.4%

barriers

versus 0.4%, respectively) during or within 3 hours after

to

CBCR

have

been

described

previously

(23,24,96). However, challenges also exist that can limit

exercise (57). Furthermore, the investigators identiﬁed

patient participation in HBCR. Some of those challenges

1053 patients from the HF ACTION trial who had an

are unique to HBCR, and others are common to both HBCR

implantable cardioverter-deﬁbrillator at baseline and

and CBCR. This section summarizes several challenges for

were randomized to the above exercise intervention

HBCR interventions that have been noted in the studies

versus control. Study participants had a median ejection

reviewed for this document and in other studies.

fraction of 24% at baseline (98). During 2.2 years of
follow-up, 20% of the 546 patients in the exercise group

Safety

experienced a shock versus 22% of the 507 patients

Challenges

receiving usual care. Exercise training was not associated

One theoretical advantage of CBCR over HBCR is that
CBCR provides participants with exercise training under
in-person, continuous supervision by trained medical
professionals. However, this emphasis on electrocardiographic monitoring may also have unintended consequences such as making patients concerned that exercise
might be harmful or requires close supervision or suggesting that the need to exercise ends after completion of
supervised CR. The studies we reviewed had low power to
assess the safety of the HBCR interventions. Higher-risk
patients were generally excluded, such as patients with
HF and New York Heart Association functional class III to
IV symptoms, a reduced ejection fraction (<40%), meaningful dysrhythmia, Canadian Cardiovascular Class 3 or
higher angina pectoris, older age (e.g., >75 years), a signiﬁcant physical limitation, or a markedly reduced peak
functional capacity (e.g., <2 metabolic equivalent tasks).

with

the

occurrence

of

implantable

cardioverter-

deﬁbrillator shock (hazard ratio: 0.9 [95% CI: 0.7–1.2]).
Finally, indirect support for the safety of HBCR can be
found in studies of CBCR (including both lower- and
higher-risk patients) that have reported that serious CVD
events occur rarely: z1 event per 50,000 patient-hours
(62,99). A study by Pavy et al (62) evaluated 25,420 patients undergoing CR at 65 different facilities. During
42,419 exercise stress tests and 743,471 patient-hours of
exercise training, 20 severe cardiac events in 17 patients
occurred. The event rate was 1 per 49,565 patient-hours of
exercise training; the cardiac arrest rate was 1.3 per
million patient-hours of exercise. No fatal complications
or emergency deﬁbrillations were reported.
Cost/Reimbursement
Challenges
As pointed out earlier in this document, although CBCR

Potential Solutions

services are reimbursed by third-party payers in the

Several studies have shown that with the use of appro-

United States, HBCR is generally not covered. In addition,

priate screening and monitoring procedures in higher-risk

the increased use of HBCR compared with CBCR may not

patients, HBCR can be feasible and safe, including in pa-

necessarily lead to cost savings for a healthcare organi-

tients with stable HF (36,45,49). A recent study by

zation because the costs to deliver CBCR and HBCR

Dougherty et al. (97) speciﬁcally enrolled patients at risk

appear to be similar according to the available studies

for sudden cardiac arrest who were treated with an

reviewed in this statement (Supplemental Table 4).

implantable cardioverter-deﬁbrillator in a home-based
walking

program

(compared

with

usual

care)

and

Potential Solutions

showed that implantable cardioverter-deﬁbrillator shocks

Although third-party payers and healthcare systems

were infrequent (exercise group, 4; usual care group, 8),

generally do not provide reimbursement for HBCR, some

with no statistically signiﬁcant difference in frequency

do (i.e., Kaiser Permanente of Northern California, Blue

between the 2 study groups.

Cross Blue Shield of Michigan, Health Alliance Plan in

The HF-ACTION study is the largest study to assess the

Michigan, Veterans Affairs). Until the Centers for Medi-

safety of exercise training provided initially in a CBCR but

care & Medicaid Services and other third-party payers ﬁnd

later outside a CBCR program. Patients with stable,

sufﬁcient evidence to warrant adoption of policies that

chronic HF and New York Heart Association class II to IV

provide reimbursement for HBCR services, an alternative
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typically delivered in face-to-face encounters. For HBCR

party payers to cover the costs of HBCR. One promising

settings, such communications are typically carried out

strategy that was initiated at the Henry Ford Hospital in

by

Michigan is to provide HBCR in a manner that meets the

conferencing, or internet-based strategies. One study of

state’s statutes for telemedicine, which then becomes a

cognitive behavioral therapy in patients with depression

service covered by some third-party payers if correctly

found that telephone-based counseling resulted in lower

billed for such. A helpful reference that provides infor-

attrition rates and similar improvements in depression

mation about telemedicine policies in each state (and how

after 18 weeks of therapy compared with face-to-face

they may or may not apply to HBCR coverage) can be

counseling (102). However, at 6 months, patients who

found online (100). Another option to cover the costs of

received face-to-face counseling were more likely to

HBCR is to bill patients directly for HBCR services, but

maintain

this option is likely to limit the acceptance and use of

telephone-based group. Social support and group-based

HBCR unless the costs to deliver HBCR are greatly

dynamics that promote positive social support to partici-

reduced.

pants are important components of CBCR but potentially

telephone,

their

text

messaging,

improvements

synchronized

than

those

video

in

the

may be challenging to establish in the HBCR setting.
Participation and Adherence
Challenges
Just as with CBCR, patient participation can be a signiﬁcant challenge in HBCR. Some individuals may lack
motivation for or interest in participating in HBCR,
whereas others do not understand its importance or
beneﬁts. As with CBCR, it can be a challenge to help patients understand that the principles and strategies of
HBCR are helpful in optimizing cardiovascular health in
the shorter and longer term.
Potential Solutions

Potential Solutions
The studies we reviewed reported similar lifestyle change
effectiveness for the HBCR methods and CBCR methods
used in the studies. Other studies support the efﬁcacy of
telephone- or internet-based lifestyle counseling, education, and group-based social support when evidencebased behavioral change techniques are used (103–105).
Access to a health coach for HBCR participants has potential to improve communication, social support, and
education, which can help sustain adherence to the health
behavior changes required for cardiovascular health (101).

One potential advantage of HBCR compared with CBCR is

Standardization of Interventions

that HBCR offers more convenience and ﬂexibility for

Challenges

patients, which should help improve participation and
adherence rates compared with CBCR. However, as noted
previously, participation and adherence rates in HBCR,
reported in a relatively small number of studies included
in this review, were similar or only slightly better for
HBCR compared with CBCR. In real clinical practice,
adherence to home-based programs could be even higher
if patients actually choose (versus being randomly
assigned to) this model of care. Access to a health coach
for HBCR participants has the potential to be a costeffective strategy for sustaining adherence to the health
behavior changes required for shorter- and longer-term
cardiovascular beneﬁts (101). Finally, evidence-based
strategies that improve participation in CBCR (i.e., systematic referral and enrollment strategies, participation
incentives) (76) are also likely to be successful in
improving participation in HBCR.
Effective Communication, Counseling,
Social Support, and Education

Guidelines and standards of care have been well deﬁned
for CBCR, including core components (32), core competencies (106), clinical practice guidelines (107), performance measures (108,109), and certiﬁcation (program and
individual) (110). However, such guidelines and standards
have not been established speciﬁcally for HBCR. Although
evidence-based treatment strategies can and should be
personalized according to patient needs and preferences,
standards of practice are still important for deﬁning
appropriate parameters of care. A lack of such guidance
could potentially lead to inappropriate variation in the
quality and impact of HBCR interventions. Furthermore,
as noted, the dose of HBCR interventions varied in the
studies we reviewed, making it difﬁcult to identify a precise dose of therapy or intensity of prescribed exercise that
should be recommended to patients. Finally, identifying
guidelines and standards for longer-term maintenance of
HBCR services is challenging given the limited data on the
longer-term maintenance in the studies we reviewed.

Challenges

Potential Solutions

Communication, counseling, and education involving CR

The principles and protocols used in many of the HBCR

staff and patients are vitally important during the course

studies we reviewed are similar to those used in CBCR

of any CR program. In CBCR settings, such activities are

studies, suggesting that the standards and guidelines for
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CBCR can generally be applied to HBCR. For example, in

emphasis of HBCR interventions has been to optimize

HBCR studies, the duration and frequency of exercise

participation (Figure 3). Although HBCR is not suggested

training are typically titrated upward, to $30 minutes and

to be a substitute for CBCR, it may represent a positive

3 to 5 sessions per week, respectively. Although any

alternative strategy that targets secondary prevention

amount of physical activity will help a previously seden-

and improved health outcomes for those who are not able

tary patient improve his or her clinical outcomes, national

to participate in CBCR. Second, we believe that it is

guidelines recommend at least 150 minutes of moderate

important to separate the core components of HBCR

(e.g., walking) or 75 minutes of vigorous (e.g., running)

(physical activity, healthy eating, medication adherence,

physical activity (z500 metabolic equivalent-minutes)

smoking cessation, and stress management) from the

per week (111). Exercise intensity has been most often

clinical outcomes that these behavioral changes can ach-

guided by heart rate response, set between 60% and 80%

ieve (changes in blood pressure, exercise capacity, body

of achieved peak heart rate or at resting heart rate plus

weight, lipid levels, and depressive symptoms; Figure 2).

60% to 80% of heart rate reserve (peak minus rest), with
adjustment based on ratings of perceived exertion set
between “somewhat hard” and “hard” (12–14 on the Borg
Rating of Perceived Exertion scale (112)). Two HBCR
studies (42,43) involved high-intensity interval training,
with exercise intensity set to as high as 95% of achieved
peak heart rate. Furthermore, electronic tools, including
text messaging, smartphone applications, and wearable
sensors, can potentially help produce “mass customization” (i.e., large-scale standardization and personalization) of HBCR, helping patients to follow personalized
recommendations for exercise training, dietary therapy,
behavioral activation, stress management, and medication adherence. The length of the initial postevent phase

Quality metrics to be considered for HBCR could
include the following:
1. HBCR

referral,

enrollment,

participation,

and

maintenance
2. Health behaviors: physical activity, dietary habits, stress
management, medication adherence, and tobacco use
3. Cardiovascular risk factors: exercise capacity, blood
pressure, lipid levels, glycemic control, tobacco use,
and body weight/composition
4. Functional capacity, quality of life, and anxiety/
depressive symptoms
5. Secondary prevention: readmission to hospital, recurrent cardiovascular events, and mortality rates

of HBCR therapy, according to published studies of HBCR,
can be up to 12 weeks, but longer-term adherence stra-

TECHNOLOGY TOOLS AND HBCR

tegies of known effectiveness should also be studied in
future studies of HBCR (and for studies of CBCR).

Technology-facilitated HBCR has the potential to expand
the reach of CR, to promote patient engagement, and to

Impact on Clinical Events

enable patient-provider communication. Many technol-

Challenges

ogy tools can play a role in the delivery of HBCR, including

Although the impact on clinical CVD events has been re-

websites, mobile phone applications, text messaging, and

ported for CBCR in both the shorter term (immediately

sensors for physical activity, heart rate, ECG, and other

after the intervention) and longer term (follow-up after

health measures (113). Three studies directly included in

the intervention), studies that address the impact of

this review prominently included technology use in their

HBCR on longer-term clinical events are lacking.

interventions (39,49,51). The devices included wearable
heart rate monitors; a mobile telemonitoring system that

Potential Solutions

recorded ECGs and transmitted data via a mobile phone;

Although it might be reasonable to assume that HBCR

and smartphone applications, website tools, and text

interventions, if successful in applying secondary pre-

messaging communications. In each case, adherence,

ventive therapies of known efﬁcacy, would result in

exercise capacity, and HRQOL with HBCR was equal to or

longer-term improvements in clinical outcomes, further

better than with CBCR.

studies on the longer-term impact of HBCR on clinical
outcomes are needed.

Other studies included in this review reported more
limited information about the use of technology in HBCR
interventions, including heart rate monitors, ambulatory

CONSIDERATIONS FOR QUALITY METRICS

electrocardiographic monitoring, and transtelephonic

FOR HBCR

electrocardiographic monitoring. Although most studies
did not report technical details, 2 studies reported

Although it is not the purpose of this document to pro-

that no arrhythmia or ischemia events were noted

pose quality metrics for HBCR, a brief review of quality

(35,38,42,53,55). All of these interventions included both

metrics mentioned in the HBCR studies reviewed for this

technology and provider-facilitated HBCR, and many in-

document may serve as a helpful guide. First, a primary

terventions reported additional features beyond the
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technology itself such as training on the use of the tech-

multiple morbidities; obese individuals; those who are

nology and the use of technology as a tool for patient-

cognitively challenged, frail, or socioeconomically chal-

provider communication. However, these studies were

lenged; ethnic minorities; rural residents; those with pe-

unable to draw conclusions about the long-term impact

ripheral arterial disease) in whom HBCR may not achieve

on important patient-centered outcomes, including car-

similar levels of safety or efﬁcacy. Basic concepts of CR

diovascular events. Additionally, because none of these

frequency, formatting, education, training intensity, and

studies directly compared HBCR with technology tools

behavior modiﬁcation techniques must be honed for

and HBCR without technology tools, we cannot conclude

home-based care that meets the varying needs (and lim-

whether the effects of the interventions were the result of

itations) of these patients.

the delivery of HBCR or the inclusion of technology in the
interventions.

Hybrid Models of CR

Technology tools incorporated into HBCR delivery

Although most studies to date have compared CBCR and

models have the potential to expand the reach of CR by

HBCR, few have assessed a model that is perhaps more

improving uptake and adherence compared with CBCR

compelling: a hybrid model in which patients participate

approaches. More research is needed to assess whether

in a mixture of CBCR and HBCR activities (113a). In theory,

technology-aided HBCR has a lasting favorable impact on

such a model could help strengthen the impact of CR

program enrollment, adherence, and outcomes.

services by offering the best of both worlds to eligible
patients. As the search continues for CR services of the
highest value (i.e., with high-quality outcomes per unit

AREAS FOR FUTURE WORK

cost), hybrid models of CR may be more attractive than
traditional CBCR models. Some centers have imple-

Speciﬁc Population Groups
Although much work has been accomplished in HBCR, a
number of key questions remain that will guide future
research in this important area. Speciﬁcally, most published studies on HBCR have not included sufﬁcient
numbers of women to draw conclusions about the effects of
HBCR in women or about speciﬁc sex differences in
response to HBCR. Similarly, little is known about the efﬁcacy of HBCR among those of diverse races and ethnicities
because these participants have been underrepresented in
existing studies. Furthermore, we identiﬁed no studies
that explored the use of HBCR in patients with lower socioeconomic status, for whom HBCR may reduce important
ﬁnancial and logistical barriers to CR and provide signiﬁ-

mented and promoted such hybrid models (114,115), but
additional research is needed to assess cardiovascular and
other outcomes in both simple and hybrid versions of
HBCR compared with traditional CBCR.
Other important areas for future research investigation
include the analysis and integration of technology applications and their impact on patient participation and
compliance in the setting of HBCR, as well as a comparison of patient satisfaction with and adherence to HBCR
versus CBCR models.
Stafﬁng and Programming Needs
Critical issues of format (e.g., stafﬁng ratios, program

cant beneﬁts. Finally, studies are needed that assess the

personnel, intervention frequency and intensity), cost-

impact of HBCR in diverse age groups, especially in older

efﬁciency, safety, supervision, and outcome metrics for

adults, who often have unique needs and more numerous

home-based programs must be standardized for home-

and daunting barriers to participation in any intervention,

based models with subsequent uniform implementation.

including HBCR. Therefore, more studies are needed that
include more women, diverse racial/ethnic groups, socio-

Clinical Outcomes

economically disadvantaged groups, and diverse age

Additional research is needed to assess the impact of

groups to determine whether HBCR-type programs are

HBCR on clinical and behavioral outcomes in both the

generalizable to more diverse populations.

shorter and longer term (e.g., beyond 12 months). Such
data, tested in patients receiving contemporary drug

Higher-Risk Populations

therapies or coronary interventions, are critically impor-

Studies on HBCR reviewed in this document were derived

tant if HBCR is to achieve the same status as CBCR as a

predominantly from study populations that were care-

Class I indication in clinical practice guidelines for pa-

fully selected for low to moderate risk, high motivation,

tients with CVD and if HBCR is to be considered an

or sufﬁcient ability to use telehealth devices and sup-

evidence-based alternative or addition to CBCR.

ports. The future of HBCR requires that the utility of
HBCR be better established for a wider spectrum of

Exercise Equipment and Training Modalities

eligible

more

Additional research is needed to assess whether the use of

complicated conditions (e.g., older adults; those with

a simpliﬁed HBCR program (e.g., one that is tailored to a

patients,

including

those

who

have
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patient’s needs, limitations, and living environment,

Evidence-based standards and guidelines for practice

incorporating activities such as brisk walking or jogging

for CBCR have been widely disseminated and can be

for cardiovascular exercise and calisthenics or elastic

readily adapted to HBCR on the basis of results from the

bands for strength training) produces exercise-related

HBCR studies cited in this statement. Quality metrics for

improvements in participants that are similar to those

HBCR, when developed, should focus on key structure,

seen with a more comprehensive HBCR program that

process, and outcome metrics.

provides specialized exercise equipment such as that

Technology tools are advancing at a rapid pace and will

typically provided in a CBCR program or that could be

help improve communication between patients and pro-

provided to patients as part of an HBCR program (e.g., an

viders, improve the efﬁciency of patient monitoring for

elliptical trainer, exercise bicycle, or similar equipment

safety and effectiveness, and expand the reach of CR

for cardiovascular exercise training; elastic bands or hand

professionals beyond the typical reach of CBCR services

or machine weights for strength training). Furthermore,

and into a more home-based setting.

additional research is needed to assess the safety and

Further study is recommended to assess the impact of

impact of high-intensity interval training in a home-based

HBCR services in more diverse and higher-risk groups of

setting for various patient subgroups.

patients and to assess the impact of hybrid models of CR,
including components from both CBCR and HBCR. Such

CONCLUSIONS AND SUGGESTIONS FOR

information will help inform reimbursement policies from

CLINICIANS, HEALTHCARE ORGANIZATIONS,

third-party insurance providers, a critically important

THIRD-PARTY PAYERS, AND POLICYMAKERS

step in the implementation of HBCR services.

With a growing realization that CR services are both life-

following:

Suggestions for healthcare providers include the
saving and underused, there is a stark need to ﬁnd new
methods to augment the delivery of CR services to the

n

CBCR should be recommended to all patients eligible

>80% of eligible patients who do not participate in

for CR.

traditional programs. The focus of this scientiﬁc statement, HBCR, may provide such a method. The decades-

n

recommend for selected clinically stable low- to

limited by patient-, provider-, and system-based barriers

moderate-risk patients who cannot attend CBCR.

to participation. Although the science behind HBCR is
n

HBCR services should be designed and tested using effective processes of care for CVD secondary prevention.

generally consistent with those reported for CBCR.
Available evidence suggests that HBCR may provide an

To potentially reduce the gap in CR participation that
exists today, HBCR may be an alternative option to

old science behind CBCR is sizable and convincing but

relatively new and less developed, its ﬁndings are

Given the large body of evidence showing its beneﬁts,

n

Healthcare organizations must develop and support the
following:

alternative option for CR services for stable low- to

n

moderate-risk patients with CVD who lack available CBCR

Efforts to maximize CR referral and entry through
systematic approaches such as automatic referral

services. Shorter-term improvements in functional capac-

systems and patient liaisons.

ity, HRQOL, and CVD risk factor control are similar in
n

HBCR and CBCR, and longer-term studies on the impact of

High-quality programs of CBCR and HBCR that

HBCR on clinical events are still lacking. Adherence to CR

optimize delivery of CR services to their patients by

therapy appears to be better in HBCR compared with

using evidence-based standards and guidelines,

CBCR, a result of the greater ﬂexibility and convenience for

strategies to maximize patient adherence in both

patients who use HBCR services. However, a lack of

the shorter and longer term, and outcome tracking

reimbursement by most third-party payers represents a

methods that help promote continuous quality
improvement.

challenge to HBCR implementation. Additional safety data
are needed for HBCR, particularly in higher-risk groups.

n

Testing and implementation of evidence-based

The core components of HBCR are similar to those that

hybrid approaches to CR that combine the positive

have been recommended for CBCR: patient assessment,

and complementary aspects of both CBCR and

exercise training, dietary counseling, and risk factor

HBCR to personalize and optimize CR services for

control (e.g., lipid abnormalities, hypertension, obesity,

each patient and to promote long-term adherence

diabetes mellitus) through optimal adherence to medication, behavioral activation (e.g., smoking cessation,

and favorable behavioral change.
n

CR professionals must work with other healthcare

healthy eating habits, physical activity), and psychosocial

professionals and policymakers to implement addi-

interventions. The primary difference between HBCR and

tional research and demonstration projects to expand

CBCR is that CBCR programs require direct face-to-face

the evidence base for HBCR and to inform HBCR-

observation of patients, whereas HBCR programs do not.

related policy decisions.
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