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Abstract

Purpose: To review the principles, advantages, and disadvantages of asynchronous and 

synchronous delivery models of home-based cardiac rehabilitation (HBCR).

Methods: We reviewed recently published systematic reviews and other publications of 

randomized studies of asynchronous and synchronous HBCR to assess principles, outcomes, and 

limitations of those delivery methods compared with center-based cardiac rehabilitation (CBCR).

Summary: While most studies prior to 2016 involved asynchronous HBCR approaches to care, 

studies since 2016 have included asynchronous or synchronous delivery models. Both delivery 

models have been shown to help provide core components of cardiac rehabilitation (CR). Studies 

using either method have been shown to have similar short-term patient outcomes as CBCR, at 

least in low- to moderate-risk patients who have been studied. Asynchronous HBCR offers greater 

flexibility for patients and CR staff, while synchronous HBCR provides greater real-time oversight 

and feedback to patients.

Asynchronous and synchronous HBCR is an option to consider for patients eligible for CR. 

Additional research is needed for both delivery models, applied separately or in combination, to 

compare their impact on shorter- and longer-term patient outcomes and to assess their impact 

in patient subgroups (referral diagnosis, women, elderly, underrepresented racial and ethnic 
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minority groups, patients at a higher cardiovascular disease risk, patients with multiple comorbid 

conditions, etc).
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Home-based cardiac rehabilitation (HBCR) has gained significant interest in recent years 

as a potential option to expand the reach of cardiac rehabilitation (CR).1 Studies suggest 

similar short-term benefits from HBCR as compared with center-based cardiac rehabilitation 

(CBCR) at least in the patient groups included in those studies. The hope of HBCR is that 

it will help reduce current gaps in CR participation, improve the cost-effectiveness of CR, 

expand the reach of CR, and increase the longer-term benefits of CR for patients.1,2

Especially during the worldwide SARS-CoV-2 pandemic, there has been a growing need 

to implement HBCR options for patients.3 One important consideration in implementing 

HBCR is the communication strategy to be used to connect CR staff and patients. Studies of 

HBCR have generally used two communication approaches, one that links staff and patients 

at flexible times other than when the patient is carrying out an exercise training session 

(asynchronous communication) and another that links staff and patients in real time when 

the patient is exercising (synchronous communication).2,4,5 The purpose of this article is to 

review the principles, evidence, advantages, and disadvantages of both models and to discuss 

future research directions of these delivery approaches for HBCR.

DEFINITIONS OF ASYNCHRONOUS AND SYNCHRONOUS HBCR

The use of the terms “asynchronous” and “synchronous” for purposes of HBCR is unique 

and differs from the common use of these terms with general communication strategies.6 In 

common usage, “asynchronous” usually refers to communication strategies in which there is 

a delay or lag between the time a message is sent and when it is received and acted upon. In 

contrast, “synchronous” communication strategies, in the general sense, usually involve live 

communication strategies that allow people to communicate and exchange information with 

each other in real time.

In HBCR delivery models, asynchronous communication refers to a system in which the 

patient and CR staff members communicate at times other than when the patient is carrying 

out exercise training (Figure).2 Communications in asynchronous HBCR originate from 

either the CR staff or the patient and occur at scheduled or unscheduled times as needed. 

On the contrary, synchronous HBCR utilizes communication strategies between the patient 

and CR staff that occur in real time when the patient is actively carrying out an exercise 

training session. Communications in synchronous HBCR typically originate from the CR 

staff at scheduled times.

Both communication approaches—asynchronous and synchronous—can be carried out 

using a variety of messaging techniques, such as telephone calls, text messaging, 

videoconferencing, or even in-person home visits. However, asynchronous HBCR studies 

have generally used telephone calls as the primary communication tool7,8 while synchronous 
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HBCR studies have typically used live video calls as the primary communication tool.9,10 

Likewise, both approaches can include a variety of additional tools including internet-based, 

streaming, or virtual reality patient education tools11 and remote physiologic monitoring 

such as electrocardiography, blood pressure, and weight monitoring.

Components of clinical CR care that are delivered to patients are similar in 

asynchronous and synchronous HBCR delivery models. These components include patient 

communications, patient evaluations, goal setting, counseling, education, treatment, data 

collection/management, and follow-up.12 In other words, the components of CR care are 

common between the two delivery models (and between HBCR and CBCR), but the key 

difference between asynchronous and synchronous HBCR strategies is whether or not the 

patient and CR staff members are connected in real time during their HBCR exercise 

training sessions. Of note, most HBCR models—both asynchronous and synchronous—

include in-person assessment visits at program entry and graduation, and some include a 

small number of CBCR sessions at the outset to prepare patients for implementation of 

HBCR.

REVIEW OF RELEVANT LITERATURE

While CBCR is typically discussed as being separate from HBCR, most CBCR programs 

include an informal component of asynchronous HBCR. During conventional CBCR, 

patients are usually encouraged to carry out their own CR therapies (exercise training, 

nutritional therapy, medication adherence strategies, stress management, etc) at home in 

an unsupervised, asynchronous manner and then to return to the CR center, reporting 

regularly on their home-based activities. Starting in the 1990s, research studies on HBCR 

strategies began to sprout roots.7,13 Communication strategies for HBCR were studied, 

using the communication techniques that were available at the time, primarily telephone 

communications between the patient and CR staff. With advances over the past 30 yr 

in communication strategies and health-related remote monitoring technologies, additional 

asynchronous and synchronous communication strategies have been developed and tested to 

determine their efficacy in carrying out HBCR care.

HOW DO CLINICAL OUTCOMES IN ASYNCHRONOUS HBCR COMPARE WITH CBCR?

Randomized controlled studies of HBCR have commonly used asynchronous 

communication strategies, dating back to the 1990s.7,8 These studies have generally shown 

that asynchronous models of HBCR have high levels of patient utilization and satisfaction 

and that they have similar short-term improvements in intermediate outcomes as with CBCR 

(eg, in functional capacity, quality of life, cardiovascular disease risk factor control).14 

Studies have primarily included patients with low-to-moderate cardiovascular disease risk, 

but some have included higher-risk patients with heart failure with reduced ejection fraction 

(HFrEF).15 Studies are lacking in patients with multiple comorbid conditions, those aged 

≥75 yr, women, and individuals from underserved racial and ethnic groups. Based largely on 

the results of randomized studies of asynchronous HBCR, the 2019 American Association of 

Cardiovascular and Pulmonary Rehabilitation (AACVPR)/American College of Cardiology 

(ACC)/American Heart Association (AHA) Scientific Statement on HBCR suggested that 

Thomas et al. Page 3

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HBCR could be considered a reasonable alternative to CBCR in low- to moderate-risk 

individuals who are not able to participate in CBCR.2

EXAMPLES OF ASYNCHRONOUS HBCR RANDOMIZED CONTROLLED STUDIES

A large percentage of early studies of HBCR have involved the use of asynchronous 

delivery of HBCR. For example, in the 22 randomized controlled trials of HBCR versus 

CBCR/usual care that were published between 1984–2016 and that were included in the 

2019 AACVPR/ACC/AHA Scientific Statement on HBCR,2 20 of the 22 studies involved 

asynchronous strategies, seven included synchronous strategies, and six included both 

synchronous and asynchronous strategies. A growing number of randomized trials of HBCR 

have been published in recent years, with ≥ 9 published just since January 2020.9,16–23 More 

recent studies of HBCR have included studies of asynchronous HBCR,20,21,23 as well as a 

growing number of synchronous HBCR.9,24

The following section contains brief descriptions of a representative sample of randomized 

studies of asynchronous HBCR.

One of the first published studies of asynchronous HBCR was the MULTIFIT study, 

published by DeBusk et al7 in 1994. In that study, patients recovering from myocardial 

infarction were randomized to either usual care or HBCR under the guidance of a nurse 

case manager who utilized telephone-based interactions with patients at regular intervals 

that were asynchronous with their home-based exercise sessions. At follow-up, smoking 

cessation rates, functional capacity improvements, and low-density lipoprotein cholesterol 

control were all superior in the HBCR intervention group compared with the usual care 

group.

A more recent study from Varnfield et al8 tested a smartphone-based application that 

linked patients with CR staff for guiding, assessing, and adjusting treatment goals and 

related activities in an asynchronous manner. Compared with patients randomized to a 

CBCR program, patients randomized to the intervention group had similar improvements 

in functional capacity, healthy dietary habits, lipid control, and psychological health both 

at 6 wk and at 6 mo. Adherence to CR sessions was superior in the HBCR group, with 

80% of participants completing CR in the HBCR group while only 47% of participants 

completed CR in the CBCR arm. However, while the use of remote technological tools in 

HBCR may be viewed as an efficient and effective way to help promote patient engagement 

and participation, it is admittedly difficult to compare adherence between CBCR and HBCR 

since patients in CBCR must come in person to a central location to be considered adherent 

while patients in HBCR may be considered adherent if they simply connect via telephone 

with CR staff. Nonetheless, the study by Varnfield et al8 was a critical advance in the field 

as it helped validate and update the findings from the MULTIFIT study using up-to-date 

communication technologies.

Another recent study, involving a straightforward approach to asynchronous HBCR, 

has been implemented in the Department of Veterans Affairs health care system. A 

nonrandomized, prospective, observational study compared HBCR outcomes with those 

of CBCR in patients following myocardial infarction, percutaneous coronary intervention, 
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and/or coronary artery bypass graft surgery.20 Participants in the HBCR arm met in person 

with CR staff members at the time of program initiation, to undergo assessments, derive an 

individualized treatment plan, and receive guidance on how to participate in the HBCR 

program. Participants were provided a physical activity tracker, exercise bands, and a 

stepper to help promote engagement in their exercise program. In addition, participants 

were asked to keep track of physical activity in a logbook to encourage self-management 

and monitoring skills. Participants were contacted by telephone each week for the first 6 

wk, followed by three biweekly telephone calls, during which their progress was assessed 

and treatment plans adjusted to stimulate progressive advances in their exercise training. 

Participants in the HBCR arm were found to improve functional capacity and quality-of-life 

measures as much as or better than those in the CBCR arm. However, several limitations 

were noted in the study, including a greater loss to follow-up in the HBCR arm, which 

may have affected the results of the study in favor of the HBCR arm. In addition, a 

recent report from a registry of 923 veterans participating in HBCR at 25 Veterans Affairs 

hospitals nationally demonstrated significant improvements in functional capacity and health 

status measures.25 Notably, the registry, which included many patients with high clinical 

complexity and risk, reported no safety issues related to HBCR participation.

Asynchronous HBCR has been studied in a lower-income country using a simplified 

asynchronous delivery approach.23 The intervention started with an in-hospital CR class 

for participating patients, after which they received a locally developed educational booklet 

that helped them implement CR at home. The participants received a monthly telephone call 

for 12 mo that allowed CR staff to evaluate, educate, and encourage patient progress. The 

intervention improved cardiovascular disease risk factor control, quality of life, and exercise 

capacity more in the participants randomized to the intervention group than in the group of 

participants randomized to usual care. This study demonstrated that a relatively low-cost, 

simplified but longer-term HBCR program can help patients with cardiovascular disease 

make significant longer-term improvements in their cardiovascular health.

Another study of asynchronous HBCR recently assessed its impact in a group of individuals 

who had previously refused participation in traditional CBCR, a common finding in most 

countries of the world.21 Of 966 patients identified who had refused traditional CBCR, 179 

(19%) met entry criteria and agreed to be included in the study. The intervention was a 6-mo 

program in which participants received educational training about HBCR, a treatment plan, a 

smartphone, and a heart rate monitor. Motivational telephone calls were made by CR staff to 

the participants once per week for the first month, then once every other week in the second 

month, and then once a month from the third month to the end of the sixth month. Patients 

in the intervention group demonstrated significantly greater exercise capacity at follow-up 

than the control group, with no difference in the incidence of adverse events between groups. 

This study suggests that asynchronous HBCR may help expand the reach of CR and provide 

care to those who would normally not participate in CBCR.

Finally, while most asynchronous HBCR studies have included low- to moderate-risk 

patients, the REACH-HF trial was a recently published randomized trial of asynchronous 

HBCR in patients with HFrEF.15,26–28 The 12-wk intervention was codeveloped by patients, 

caregivers, and clinicians and included exercise training, self-management tools, social 
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support opportunities, and facilitation by nurses or physiotherapists. Outcomes were 

assessed out to 12 mo after the initiation of the intervention. Approximately 90% of 

participants in the intervention group completed the study. Heart failure–specific quality 

of life improved significantly in the intervention group compared with those participants 

randomized to the usual care group. No significant differences were noted in functional 

capacity, possibly due to a relatively low level of engagement in exercise training by 

participants in the intervention group. The cost per participant of delivering the intervention 

was calculated to be approximately £400 (~US $550) and the cost per quality of life year 

gained was £1720 (~US $2400). This study not only highlights the well-known challenge of 

engaging patients with HFrEF in exercise training but also suggests that asynchronous HBCR 

may help increase overall program participation in this patient group in a cost-effective 

manner.

HOW DO CLINICAL OUTCOMES IN SYNCHRONOUS HBCR COMPARE WITH CBCR?

As has been pointed out for studies of asynchronous HBCR, studies of synchronous HBCR 

have reported similar shorter-term clinical outcomes compared with the outcomes in patients 

cared for in CBCR. Studies have largely included low- to moderate-risk patients,24 although 

some studies of synchronous HBCR have been conducted in higher-risk patients with stable 

HFrEF.11 However, studies of synchronous HBCR have not been conducted in significant 

numbers of individuals with multiple comorbid conditions, in those who are ≥75 yr, in 

women, or in individuals from underserved racial and ethnic minority groups.

The following section contains brief descriptions of synchronous HBCR randomized 

controlled studies.

As mentioned earlier, a relatively small number of early studies of HBCR used synchronous 

delivery models. A small number of studies in the 1990s examined the role of simultaneous 

voice and electrocardiographic (ECG) trans-telephonic transmission for home-based 

exercise training in CR patients.13,29,30 These early studies supported the feasibility and 

probable safety of such an approach. In more recent years, advances in monitoring and 

communication technology have led to an increase in the number of randomized studies of 

HBCR that have tested the utility of synchronous communications methods.9,24

An example of synchronous HBCR is the study by Maddison et al,24 which assessed 

the impact of a 12-wk telerehabilitation synchronous HBCR model on patient outcomes, 

compared with a traditional CBCR model of care in patients with coronary artery disease. 

The impact on functional capacity was similar in both groups. Waist circumference 

decreased more in the CBCR group, while the HBCR group was less sedentary than the 

CBCR group. Nonhospital costs were nearly 50% lower in the HBCR group than in the 

CBCR group. This study suggests that a telerehabilitation HBCR program is as effective as 

a CBCR program in most short-term outcomes and that it can be delivered at a significantly 

lower cost than CBCR.

Another recent randomized study of synchronous HBCR versus CBCR was conducted 

in patients with stable HFrEF.10 Intervention patients were provided a laptop computer, 

a mobile broadband device connected to a wireless broadband internet, an automatic 
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sphygmomanometer, a finger pulse oximeter, and strength training equipment (resistance 

bands and free weights). The telerehabilitation sessions were held in real time twice weekly 

for 12 wk and were delivered by a physiotherapist who interacted directly with up to four 

patients/session. At 6 mo of follow-up, quality of life was similar in the HBCR and CBCR 

groups, but total health care costs were approximately 40% lower in the HBCR group than 

in the CBCR group, suggesting that HBCR may offer an equally effective therapy to patients 

at a lower cost than in CBCR.

Finally, the TELEREH-HF trial, a randomized trial of synchronous telerehabilitation in 

HFrEF patients, utilized ECG monitoring and remote monitoring with cardiac implantable 

electronic devices over a 9-wk intervention period.9 Adherence was excellent in the patients 

included in the HBCR group, with nearly 90% of participants considered adherent to the 

intervention at 9 wk. No deaths or other serious adverse events occurred during the HBCR 

sessions or directly afterward (within 1 hr of the session). While there were significant 

improvements at 9 wk in functional capacity and quality of life, there was no difference 

in longer-term outcomes observed after 24 mo, including days alive and out of hospital, 

all-cause hospitalizations, and all-cause mortality rates when compared with usual care. This 

suggests that in patients with HFrEF, a short-term telerehabilitation intervention provides 

shorter-term intermediate benefits and is safe, but that it may not translate into longer-term 

clinical improvements. Longer-term interventions may be needed to produce longer-term 

clinical benefits, particularly in patients with HFrEF.

HOW DO CLINICAL OUTCOMES COMPARE IN ASYNCHRONOUS VERSUS SYNCHRONOUS 
HBCR?

To our knowledge, no head-to-head comparison studies between asynchronous and 

synchronous HBCR have been published. However, it is worth noting that some studies 

use a combination of asynchronous and synchronous communication strategies.9

DISCUSSION

As noted in the 2019 AACVPR/ACC/AHA Scientific Statement on HBCR,2 and supported 

by additional research since that time, evidence for and interest in HBCR are growing. 

Several factors are likely contributing to the growing interest in HBCR. First, the important 

benefits of CR services are recognized perhaps now more than ever, as reflected in the high 

level of recommendation for CR in national cardiovascular clinical guidelines and quality 

performance measures.31,32 Second, new strategies are being sought to help bridge the gap 

in delivery of CR around the world, since only a small percentage of eligible patients are 

currently receiving CR.33–36 Third, advances in technology and communication tools are 

helping accelerate the options on how to provide HBCR and may help increase the reach 

and cost-effectiveness of CR.5,8,37 Finally, the limitations that have been thrust upon CR 

programs during the SARS-CoV-2 pandemic have produced a sense of urgency worldwide 

for the need to more fully develop and implement effective HBCR strategies.3

Results of randomized studies of asynchronous and synchronous HBCR suggest that it is 

safe and reasonable to consider these models of HBCR in individuals who qualify for CR 

but are not able to or choose not to participate in conventional CBCR. While many of 
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the asynchronous HBCR studies have been conducted in low- to moderate-risk individuals, 

some have been conducted in higher-risk groups. In contrast, the predominance of studies 

on the use of synchronous HBCR has been collected in moderate- to high-risk patients with 

stable HFrEF, while some have been conducted in lower-risk groups. Should asynchronous 

HBCR be used primarily in lower-risk patients and synchronous HBCR in higher-risk 

individuals? Should all HBCR patients start with synchronous methods and then transition to 

asynchronous methods after 2–4 wk? And what are the optimal dose, frequency, and content 

of HBCR intervention sessions, for both asynchronous and synchronous approaches? 

Additional studies are clearly needed to help clarify these and other questions about the 

relative and possibly complementary roles of asynchronous and synchronous HBCR in 

various patient subgroups.

ADVANTAGES AND DISADVANTAGES OF ASYNCHRONOUS AND SYNCHRONOUS HBCR

Potential advantages and disadvantages of asynchronous HBCR are noted in the Table. 

Convenience and flexibility for patients and CR staff are important advantages of 

asynchronous HBCR. Patients have more flexibility to exercise from day to day during 

times that are most convenient to them and then connect with the CR staff for reporting and 

assessment purposes at another time that is convenient for both parties. In addition, both live 

and/or delayed communications can be used for asynchronous HBCR, utilizing a variety of 

methods, including chats/text messaging, secure e-mail messaging, video calls, or telephone 

calls. This flexibility may help explain why adherence has been reported to be higher in 

asynchronous HBCR than in CBCR.8

One disadvantage to asynchronous HBCR is the lack of direct, real-time supervision of 

patients by CR staff during exercise sessions. This absence of direct supervision raises 

concerns regarding the lack of guidance that many patients need to initiate and advance 

their exercise training, as well as concerns about the safety and medicolegal liabilities 

of unsupervised exercise training outside of the CR center. However, to date, HBCR 

studies have reported that HBCR and CBCR have similar effects on improvements in 

exercise capacity, and similar safety profiles, at least in the patients who have been 

included in studies of HBCR. Moreover, integration of objective monitoring technologies 

(eg, heart rate straps or smartwatches with heart rate/ECG measurement) may allow for 

visualization of adherence to exercise training and identification of important dysrhythmias. 

In addition, there are concerns that social support and psychological health parameters may 

be inferior with asynchronous HBCR compared with CBCR. However, there is evidence that 

psychological health parameters for patients in HBCR improve to a similar level as for those 

in CBCR.8,18

Advantages and disadvantages of synchronous HBCR are also listed in the Table. A primary 

advantage of synchronous HBCR is that CR staff members can visually connect in real 

time with patients while they are carrying out their HBCR sessions, at least theoretically 

helping optimize safety and personalization of exercise training for patients. While not yet 

shown in head-to-head comparison studies, this advantage of synchronous HBCR may then 

lead to greater improvements in functional capacity and patient outcomes associated with 

those improvements. In addition, some synchronous HBCR programs provide virtual group 
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exercise sessions, involving more than one patient at a time. While this may lead to logistical 

challenges for CR staff, it does offer the possibility of increased efficiency compared with 

asynchronous communications, which are generally one-on-one interactions between CR 

staff and patients.

A significant disadvantage of synchronous HBCR is the reduced flexibility that patients 

may experience due to the fact that exercise training sessions must be carried out at times 

that coincide with the availability of the CR staff members to connect with them virtually 

to supervise their activities. Another potential disadvantage of synchronous HBCR is the 

need for advanced video connection and technological literacy, which may be problematic 

for some patients in CR, particularly those individuals who lack resources, training, or 

experience to be able to comfortably participate.

OTHER ISSUES

While this article has focused on the scientific evidence, advantages, and disadvantages 

for asynchronous and synchronous approaches to HBCR, it is readily apparent that other 

issues are also critically important as CR programs ascertain if, how, and when they might 

implement HBCR services, including issues of medicolegal requirements and concerns, 

staffing, home/community provision of exercise equipment for participating patients, and 

sustainable reimbursement strategies. While coverage by the Centers for Medicare and 

Medicaid Services of asynchronous and synchronous HBCR beyond the time of the 

current public health emergency is uncertain, coverage has been in place in some health 

care systems, including asynchronous HBCR that is offered through Kaiser Permanente 

Southern California38 and the US Department of Veterans Affairs.39 In addition, coverage of 

synchronous HBCR is provided through Blue Cross-Blue Shield Michigan.40 As evidence 

continues to accumulate on the safety, efficacy, and efficiency of both asynchronous and 

synchronous approaches to HBCR, a broadening of coverage options for HBCR will be 

warranted.

FUTURE DIRECTIONS

Future research studies will need to address several questions. Does asynchronous HBCR 

lead to outcomes that are as good as or better than synchronous HBCR? Is one approach 

preferred in lower-risk patients? Is one approach preferred in higher-risk patients? Does 

the use of combined asynchronous and synchronous delivery options result in better patient 

outcomes than the use of either modality alone? Which modality leads to the best longer-

term adherence and outcomes? How can either modality avoid the potential negative effects 

of the digital divide, potentially increasing the gap in HBCR delivery in underserved 

populations with limited resources who are at highest risk for gaps in their health care 

services?

SUMMARY

There is a growing body of evidence suggesting an important role for HBCR in the 

delivery of CR services. Randomized studies suggest that asynchronous and synchronous 

HBCR services have similar shorter-term outcomes in low- to moderate-risk individuals. 
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Asynchronous models of HBCR have greater flexibility for CR patients and CR staff, 

while synchronous models of HBCR provide greater real-time evaluation and guidance 

for CR patients from CR staff. Challenges that are not science based may potentially 

influence the feasibility and application of asynchronous and synchronous HBCR, including 

medicolegal issues, staffing requirements, and the need for reimbursement. Important 

scientific questions need to be addressed by future research studies to clarify the roles and 

impact of asynchronous and synchronous HBCR models of CR care.
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Figure. 
Asynchronous and synchronous models of communication for home-based cardiac 

rehabilitation. Abbreviation: CR, cardiac rehabilitation.
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