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Abstract

Introduction: Cardiac rehabilitation (CR) significantly reduces secondary cardiovascular events
and mortality and is a class 1A recommendation by the American Heart Association (AHA) and
American College of Cardiology (ACC). However, it remains an underutilized intervention and
many eligible patients fail to enroll or complete CR programs. The aim of this review is to identify
barriers to CR attendance and discuss strategies to overcome them.

Areas Covered: Specific barriers to CR attendance and participation will be reviewed. This will
be followed by a discussion of solutions/strategies to help overcome these barriers with a
particular focus on home-based CR (HBCR).

Expert Opinion: HBCR alone or in combination with center-based CR (CBCR) can help
overcome many barriers to traditional CBCR participation, such as schedule flexibility, time
commitment, travel distance, cost, and patient preference. Using remote coaching with indirect
exercise supervision, HBCR has been shown to have comparable benefits to CBCR. At this time
however, funding remains the main barrier to universal incorporation of HBCR into health
systems, necessitating the need for additional cost benefit analysis and outcome studies.
Ultimately the choice for HBCR should be based on patient preference and availability of
resources.
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1.0 Introduction

Cardiovascular disease (CVD) is a significant cause of morbidity and mortality and places a
large burden on healthcare systems [1]. While improved medical treatments and
management of CVD risk factors have decreased mortality, this has paradoxically increased
the need for secondary prevention as more patients survive their initial CVD event and live
longer.

Cardiac rehabilitation (CR) is a multifaceted and comprehensive outpatient intervention
designed to improve the physical and psychological health of patients with CVVD. Through a
combination of monitored exercise training, health and nutrition education, and
psychological support, CR has been shown to lower patients’ risk of CVD mortality by 26%,
reduce one-year hospital readmissions by 31%, and decrease patients’ five-year all-cause
mortality by up to 34% [2]. A Cochrane review by Anderson et al. showed that exercise-
based CR after myocardial infarctions significantly improved cardiovascular mortality,
reduced hospital admission and improved quality of life [3]. This mortality benefit from
participation in CR extends to all ages, sex, and ethnic groups. However, it is important to
note that benefits of CR are variable across different cardiovascular conditions with the
strongest mortality and morbidity benefits after acute myocardial infarction (MI) and
coronary artery bypass graft surgery (CABG). In those with heart failure with reduced
ejection fraction (HFrEF), CR was not associated with reduced mortality or hospital
admission, but did improve quality of life [4]. Cardiac rehabilitation has also shown to
significantly reduce the severity of depression and cognitive impairment, particularly among
the elderly [5].

Due to these significant aggregate benefits, the AHA/ACC give CR a class 1A
recommendation for secondary prevention after a ST-elevation M1 (STEMI)/non-ST-
elevation MI(NSTEMI)/unstable angina (UA) [6], percutaneous coronary intervention (PCI)
[7], coronary artery bypass grafting (CABG) [8], stable angina [9], and symptomatic
peripheral arterial disease (PAD) [10,11]. Additionally, CR is also recommended after heart
valve surgery [12], cardiac transplantation [13], or in the setting of chronic heart failure (HF)
with reduced ejection fraction <35% [4,14].

Unfortunately, despite the well-established benefits and strong endorsement from
professional societies, CR remains underutilized by patients with CVD. Fewer than 20% of
all eligible patients participate in CR, and of those who are referred, only 34% actually
enroll [15]. This is attributed to several barriers including lack of strong physician
recommendation, transportation issues, and high out of pocket costs[16,17]. The aim of this
paper is to review the current literature and identify barriers to CR utilization and discuss
strategies to overcome them.

Cardiac rehabilitation delivery in different countries varies significantly with respect to
structure, availability, integration into the healthcare systems, and reimbursement [18-20].
These differences in structure and opinions of CR models around the world raise assorted
barriers and require unique solutions, accounting for unique differences in healthcare
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systems and patient populations. Given the significant heterogeneity in CR programs in
different countries, our review will be limited to CR models based in the United States.

2.0 Barriersto CR

Despite being a class A recommendation by ACC and AHA, referral and participation rates
to CR programs after a coronary event remain low. Literature shows that 50-70% of patients
eligible for CR do not attend CR and, amongst those that do attend, 30-60% do not
complete CR [21-25]. Importantly, CR has a dose response relationship where patients who
attend more CR sessions have lower mortality than those that attend fewer sessions [26].
This mortality benefit can be as significant as up to 1% per CR session attended [26,27].
Suaya and colleagues found that CR participation rates were higher after CABG than after
MI [28]. This discrepancy may be due to the fact that CR referral rates are higher after
cardiac surgery than after PCI [29] and highlights discrepancies in referral practices in the
management of post-MI patients.

These statistics represent missed opportunities for patients to receive evidence-based
therapy. The reasons behind low CR participation and completion rates are multifactorial
and include physician-, patient-, and system-related factors. A summary of barriers and
solutions to CR barriers can be found in Table 1.

2.1 Physician Factors

2.1.1 Low Referral Rates—~Participation in a CR program must be initiated by a
physician referral. Data from the ACC’s Action registry showed that only 62% of eligible
patients above age of 65 years were referred for CR [29]. This study also found significant
geographic heterogeneity — with referral rates higher in the Midwest and lower in the South
(30% vs 10%, respectively) [28]. Aragram et al. noted that on average, only 60% of all
patients undergoing PCI were referred for CR. In comparison, prescription rates for
preventive medications were significantly higher - 97.5% for aspirin and 89.8% for statins
[30]. Study authors also note physicians may be more inclined to refer patients who are
presumed likely to participate in and benefit from a CR program, instead of referring all
patients as a component of post-procedural care [30]. The EUROASPIRE IV survey
revealed that older patients, women, and those of low socioeconomic status (SES) were less
likely to be advised to participate in CR [24]. This physician bias can potentially deprive
patients of receiving evidence-based therapy.

2.1.2 Physician Endorsement—The corollary to low referral rates is lack of physician
endorsement. One study showed that primary care physicians are less likely to refer patients
to CR than CVD specialists [31,32]. The lack of physician endorsement results in poor
patient understanding of the benefits of CR and decreased motivation to participate. In a
systematic review, Elsakr et al. found that this lack of physician endorsement is partly
attributed to a lack of physician knowledge on what CR entails, its benefits, and appropriate
patients for referral [33]. This is due in part to inadequate education and exposure to CR
programs in medical education and training. [34]. In addition, Ghisis et al. cite provider’s
lack of awareness of CR availability in the area they practice and how to place CR referrals
as critical factors to poor endorsement and low CR referral rates [32]. Other factors related
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to poor physician endorsement may include professional skepticism about the efficacy of CR
and/or the ability or motivation of individual patients to make meaningful lifestyle changes
[35]. This skepticism and knowledge gap results in patients receiving inadequate
information on what CR entails and their ability to enact meaningful lifestyle changes.

2.2 Patient Factors

2.2.1 Gender and Racial Disparities—Numerous studies have shown that women are
less likely than men to be referred to CR programs. While 47% of CVD patients are female,
they account for only 20% of all CR participants [36-41]. Referral bias and lack of strong
physician endorsement are two of the main reasons why women fail to enroll in CR
[31,37,42]. The reasons behind this gender disparity are multifactorial and may be
attributable to 1) women’s atypical presentation for Ml [37], 2) women’s older age at
presentation of Ml [31,36,40], 3) lower socioeconomic status of women compared to men
[43], 4) insufficient or lack of health insurance [40], and 5) the perceived bias that women
with comorbidities are less likely to complete CR programs as compared to their male
counterparts [41].A qualitative systematic review by Clark et al. found that that women
prioritized the needs of partners and children over their own, often downplaying their own
health needs [44]. Furthermore, women often feel out of place in traditional male dominated
CR programs and uncomfortable speaking in these groups leading them to avoid joining or
to drop out prematurely [45,46].

In addition to gender disparities, racial and ethnic factors also contribute to lower CR
referral and completion rates. Several studies have shown lower CR referral rates for non-
white individuals as compared to white individuals [47-49]. In a study by Aragam et al.,
hospitals with high CR referral rates (> 90%), reported no difference in CR referrals between
white vs. non-white patients [30]. However, the difference in referral rates for non-white
individuals when compared with white individuals was statistically significant in hospitals
with low overall CR referral rates (< 10%). This suggests that high overall CR referral rates
can overcome racial biases. Analysis of a large US based registry showed that compared
with white patients, minorities, particularly Black, Hispanics and Asian patients, were 20%,
36% and 50% less likely to receive CR referral after an M1 [40]. Barriers in communication
are a likely contributor to this discrepancy [50,51]. The inability to speak English as a native
language can lead patients to feel marginalized, excluded, and anxious - resulting in lower
enrollment and higher drop-out rates among minorities.

2.2.2 Medical Comorbidities—The presence of multiple medical comorbidities -
including stroke, diabetes, HF, chronic kidney disease or chronic pulmonary disease - is
another important factor associated with a lower odds of referral to, participation in, and
adherence to CR [52,53]. This is in part due to physician perceptions that these populations
are too debilitated to meaningfully participate in CR [24]. In addition, it is conceivable that
these fragile populations are more likely to suffer repeat setbacks and rehospitalizations,
thus limiting their ability to participate and complete CR programs. Borg et al. found that a
high burden of comorbidities was associated with CR non-attendance [23]. Paradoxically,
while these individuals may benefit the most from CR participation, they are more likely to
drop out due to their inability to meet the physical demands of CR participation [54]. It is
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important to note that women with cardiovascular disease often have greater comorbidities
than their male counterparts accounting for some of gender disparities described previously
[36,40,42].

2.2.3 Socioeconomic Factors—In general, research has found that patients with lower
income, education, and socioeconomic status (SES) have lower CR participation rates than
their higher SES counterparts [31]. This has been replicated in several studies where patients
living in zip codes with the highest median household income were 23% more likely to
participate in CR than those living in zip codes with the lowest median income [28]. Lower
SES patient’s often have inadequate health insurance coverage and receive fewer health
benefits resulting in higher CR copayments and out of pocket costs of CR attendance [31].
In addition, lower SES patients lack transportation to CR facilities and access to reliable
childcare to attend classes [30]. Finally, those of low SES are more likely to carry negative
views of health systems in general, leading to mistrust of CR programs which often take
place at medical centers [36].

2.2.4 Psychological Factors—In addition to SES factors, psychological factors can
also decrease patient CR attendance [55,56]. Literature reveals that about one in five patients
meet diagnostic criteria for depression while hospitalized for a cardiac event, and up to one
in three experience severe anxiety [57-60]. Patients with depression are three times as likely
to be noncompliant with physician recommendations [61]. Additionally, patients with
depression are less likely to engage in self-care, adhere to medications, and have increased
healthcare utilization, emergency room visits, and hospital readmissions [61-64]. In a
retrospective cohort study, patients with moderate depression, anxiety, or stress were
significantly less likely to adhere to cardiac rehabilitation compared with those normal to
mild symptoms [65]. Ironically, while CR programs are designed to improve the
psychological wellbeing of participants [66], those who are most likely to receive these
benefits (i.e. those with depression and anxiety) are also less likely to participate.

2.3 Systemic Factors

2.3.1 Travel and Transportation—Distance from CR programs, travel time, cost of
travel, and lack of transportation constitute some of the key barriers to CR attendance
[67-69]. In rural areas, studies have shown an inverse relationship between distance to a CR
center and likelihood of patient enrollment [70]. In a registry-based study, a distance greater
than 16 km from a CR center was associated with increased probability of non-attendance
[23]. Similarly, Brual et al. showed that a driving time of 60 minutes or more to the nearest
CR center was associated with both decreased CR referral and enrollment [71]. Lastly, in a
prospective cohort study of 184 patients after CABG, travel time significantly predicted CR
attendance[69]. Due to lack of CR availability, patients living in rural areas are less likely to
participate in CR than those in urban areas where CR facilities are closer [67].

2.3.2 Cost of Attendance—Costs of attending CR can pose a major barrier to
participation [72]. Uninsured or underinsured patients often cannot afford the out-of-pocket
cost of CR programs. Medicare and some private insurers cover CR for patients who have
had MI, CABG, PCI, HF and several other conditions. Most coverage is for two or three
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hour-long visits per week, up to 36 sessions. However, many private insurances require
patients to pay high co-payments per CR session. Patient copayments are approximately $20
for Medicare beneficiaries and range from $0 to $100 for individuals with employer-
sponsored or Medicare Advantage coverage. For insured patients who chose to attend all 36
sessions, total CR costs can range from $720 to $3600. Additionally, indirect costs due to
missed employment, transportation, parking, child or eldercare can result in significant
financial barriers to CR participation. Moreover, these costs can have immense financial
ramifications for patients who are experiencing reductions in salary due to medical illness
and whom employment based medical coverage remains uncertain.

2.3.3 Fragmented Care—Care delivery systems in the United States are fragmented
such that patients are no longer treated by a single physician, but rather by a wide array of
healthcare professionals across multiple specialties and health care settings [73]. Failures in
communication and care coordination can negatively impact CR enrollment and
participation. Due to the concentration of CR centers in large urban areas, community and
rural physicians often have to refer eligible patients outside their network. Referring
physicians may be unaware of what CR programs are available and how to initiate a referral
to an outside facility [32]. Once a CR referral has been placed, communication between
physicians and CR centers can be fragmented - CR centers receive little information on a
patient’s medical history and referring physicians receive little information on a patient’s
progress or complications experienced while enrolled at a CR center. These failures in
communication can erode relationships between physicians and CR centers leading to poor
referral chains and ultimately preventing patient from receiving evidence-based care.

3.0 Solutions

3.1 Physician and Patient Education

Strong physician recommendation for CR participation is one of the most powerful
predictors for patient enrollment [74]. This effect is even more pronounced amongst women
and the elderly [75]. To help overcome inadequate physician endorsement, physicians need
to be better educated on the indications and benefits of CR. For physicians in training, this
can be accomplished by introducing CR into the curriculum of medicine residencies and
fellowships through didactics or first-hand exposure to CR centers. For physicians who have
completed their training, this barrier can be addressed by including CR education in medical
conferences and continuing medical education credits [44,76,77]. Increasing education and
outreach to primary care physicians and cardiologists in the community can lead to more
informed discussions of CR with patients and knowledge of what programs are locally
available.

Patient education on the benefits of CR can increase enrollment. In a randomized control
trial by Lynggaard et al, educating patients on coping strategies significantly improved
adherence to CR treatment, especially among those with lower SES and heart failure [78].
Patient education on benefits of CR is not solely the physician’s responsibility. Nurses,
physician assistants, dieticians, and physical therapists are routinely involved in the inpatient
care of individuals recovering from a CVD event. Nurses are intricately involved in patient
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care and discharge planning. They are in a crucial position to identify eligible patients and
discuss benefits of outpatient CR participation [79]. Similarly, physical therapists routinely
assess and help improve a patient’s functional status while recovering from a CVD event.
They can play a key role in CR education and help identify and address any physical barriers
to exercise [80].

Beyond endorsements for CR by physicians and other healthcare workers, tools such as
educational videos have also been efficacious. Demonstration of an educational video on
CR, diet, and exercise delivered by a health care professional just prior to hospital discharge
has been shown to increase compliance with exercise and dietary recommendations [81].
Other tools such as structured telephone or home visits by a nurse or physical therapist after
hospital discharge [81,82], close follow up at CR centers [83,84], and motivational letters
[83] have also been shown to be effective in increasing CR participation. These strategies
help educate patients on the benefits of CR and reinforce its importance to their cardiac
recovery.

3.2 Standardization of CR Referrals

Streamlining or automating CR referrals at discharge for eligible patients can dramatically
increase CR participation. Automatic electronic CR referral in combination with patient CR
education has been shown to increase CR referral rates from 32% to 86% [35,85].
Automating CR referrals can also prevent referral biases due to sex, race, SES, and existence
of comorbid conditions. Cardiac rehabilitation referral and completion rates have been
proposed as quality indicators in cardiovascular care [86]. One study demonstrated a
significant 8% absolute improvement in CR referral rates in hospitals using CR referral as a
quality metric [29]. These measures if considered by accredited organizations such as the
ACC, AHA, Agency for Health Care Research and Quality, National Committee for Quality
Assurance, and Joint Commission on Accreditation of Health Care Organizations would
help increase appropriate CR awareness and enrollment. Furthermore, if CR referral rates
were adopted by Medicare in its pay-for-performance initiative, the financial incentives for
both the discharging hospital and physician may further motivate clinicians to refer eligible
patients [87,88].

3.3 Inclusivity and Representation

As previously discussed, ethnicity, language, and gender can pose significant barriers to CR
participation. Prioritizing diversity and hiring CR staff of various ethnic backgrounds and
languages can help overcome some of these barriers. Healthcare providers from various
ethnic backgrounds may possess culturally specific knowledge, skills and experience that
enhance rapport with patients resulting in improved patient compliance and retention. One
study by Traylor et al. found that patients were more adherent to medications prescribed by a
physician of the same ethnic background [89]. Moreover, when physicians communicate
with patients of similar cultural backgrounds, patients are less likely to postpone or delay
seeking medical care [90]. Overall, ethnicity and language concordance fosters trust,
communication and better patient-provider relationships [91]. Finally, the creation of
women-only or women-dominated CR groups has been proposed as a means to increase
female participation and retention. The creation of women-only CR groups has been shown
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to improve diet compliance and decrease symptoms of depression and anxiety leading to
improved CR adherence [92-94].

3.4 Home-Based Cardiac Rehabilitation

In order to reach more than 80% of eligible patients in the US who do not participate in CR,
alternative care delivery models need to be considered [77]. Home-based CR or alternative
site-CR where CR is carried out at home or other non-clinical settings (community centers,
health clubs, and parks) increases patient accessibility and circumvents many barriers
encountered by CBCR programs. Home-based CR services can be used at any time and at
any location, whereas CBCR programs are usually limited to 3—4 hours of scheduled weekly
in-person contact. This gives HBCR participants the flexibility to engage in CR on their own
time and bypasses driving distance, travel costs, time away from work, or childcare
obligations which can increase CR participation and completion rates. Studies have shown
that participants limited by time constraints — due to family and work obligations — prefer
HBCR to CBCR due to its increased flexibility [95]. Moreover, due to the ongoing
coronavirus disease 2019 (COVID-19) pandemic and the closure of many CBCR programs
due to concerns of center-based transmission, HBCR may be a safer and readily available
alternative or adjunct to traditional CBCR [96].

3.4.1 Home-Based Cardiac Rehabilitation Core Components—In order for
HBCR to be effective the core components of HBCR should remain similar to those of
CBCR. These components include baseline patient assessment, physical activity, nutrition
counselling, risk factor management (blood pressure, weight, lipids, diabetes mellitus,
smoking), medication adherence, and psychosocial management. Almost all CR programs
begin with an in-person assessment of patient functional status, review of past medical
history, and medications. For HBCR, this component can be carried out in the final days of
hospitalization, in-person after discharge, or remotely via a video or telephone conference
call by physical therapists, nurse practitioners, or physicians. If considering a hybrid center-
based and home-based CR model, this can be accomplished on the initial visit at the CR
center. At this initial visit, a tailored workout and eating plan can be developed for the
patient to follow. As in CBCR, HBCR will also include management of lipids, blood
pressure, diabetes mellitus, adherence to cardioprotective medications (such as antiplatelet
agents, B-blockers, angiotensin inhibitors, and statins) and assessment of psychological
wellbeing. These components can be carried out through regular check-ins via telehealth
phone/video calls throughout the enrollment period from a multidisciplinary team. These
calls should be completed at structured intervals to ensure patients stay on compliant with
prescribed dietary and lifestyle changes.

For physical activity and dietary documentation, smartphones are an appealing healthcare
delivery device as they enable personal data collection and delivery of health interventions
and reminders. Physical activity can be supervised indirectly through the use of wearable
devices while smartphones can remotely transmit data to web-based portals for clinicians to
review and provide feedback during their scheduled telehealth calls. These devices can
include pedometers, accelerometers, and heart rate monitors that are often incorporated into
most smartphones and wearable devices. Furthermore, smartphone cameras and nutritional
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content applications enable patients to log their dietary intake and receive direct feedback on
improvements that can be made at home.

3.4.2 Home-Based Cardiac Rehabilitation Outcomes—While HBCR can
potentially expand patient-access and participation, there is concern that lack of direct
supervision and physical interaction with healthcare staff will dilute the physical and
psychological benefits demonstrated by CBCR. This question was studied in an unblinded
randomized control trial by Varnfield et al. comparing the outcomes of patients enrolled in a
smartphone-based CR (via CAP-CR platform) vs. traditional CBCR. In the smartphone-
based CR group, patients received communications and educational offerings on a regular
basis from healthcare professionals via their smartphone and exercised at home or in a local
community health center. The study’s investigators showed that smartphone-based CR had
significantly higher uptake (80% vs 62%), adherence (94% vs 68%) and completion (80% vs
47%) rates when compared to CBCR [97]. In addition, the smartphone-based CR group had
similar improvements in 6-minute walk test compared to CBCR which was maintained at 6
months, and was as effective in improving physiological and psychological health outcomes
compared to CBCR [97]. These findings have been replicated by several studies [98-103]. In
a Cochrane review comparing HBCR to CBCR, there was no significant difference noted in
mortality, exercise capacity, and cardiac events [104]. However, care must be taken when
extrapolating these results into long-term outcomes as few trials have studied cardiovascular
endpoints beyond 12 months. Trials examining long-term outcomes of HBCR are necessary
and forthcoming. Furthermore, it is important to note that self-motivation and self-efficacy
are key components to ensuring patients remain adherent to HBCR [105]. Since HBCR lacks
direct supervision and relies on high patient motivation, it is only a reasonable alternative or
adjunct to CBCR in highly motivated low- to moderate-risk patients [106].

3.4.3 Home-Based Cardiac Rehabilitation Platforms—Advancements in wearable
devices and mobile technologies make access to HBCR more universal and allow for the
remote delivery of clinical expertise, supervision, and coaching that has traditionally been
limited to CBCR programs. In order for these platforms to be successful, they need to satisfy
four core components as described in Figure 1. First is the ability to remotely monitor,
record, and transmit the health data of participants. This can be accomplished via
smartphone applications that incorporate measurements of heart rate, steps, distance
traveled, medications taken, food groups eaten, etc. Second, as HBCR lacks direct
supervision and monitoring of exercise, platforms need to incorporate frequent healthcare
provider communication to increase patient accountability. This can be achieved in several
formats from phone notifications, text messages, phone calls to participants, reminders to
log nutritional intake and exercise followed prompt feedback. Third, patient interfaces need
to be tailored to maximize usability. This can be achieved by maximizing the automatic
collection of data, such as objectively-measured physical activity thereby reducing the
burden on the individual to track and log data [107]. Patient interfaces also need to
incorporate social support and access to healthcare providers when necessary. In order to
ensure good adherence to HBCR programs, participants need to be self-motivated [105] and
low- to moderate-risk individuals[106]. Lastly, these platforms need to be able to handle
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patient data securely and confidentially in accordance with Health Insurance Portability and
Accountability Act of 1996 (HIPPA) guidelines.

Currently, there are several HBCR platforms being developed to help hospitals easily adopt
HBCR into their infrastructure. Two examples of these platforms include REMOTE-CR
[108] and Movn Analytics [109]. Both have been shown in literature to be improve
functional capacity and overall patient satisfaction [107,108].

REMOTE-CR is a 12-week program of individualized exercise (three exercise sessions per
week of 30—-60 minutes), monitoring, and coaching with theory-based behavioral strategies
to promote physical activity. The REMOTE-CR platform comprises of a smartphone and
chest-worn wearable sensor (BioHarness 3, Zephyr Technology, USA), which provides
information on heart and respiratory rates, single lead ECG, and accelerometry [108]. The
program also incorporates goal setting and behavioral change messages delivered in audio
format to participants throughout the program. In a randomized clinical trial, participants
using REMOTE-CR had similar maximal oxygen uptake at 12-weeks compared to CBCR
participants. Additionally, REMOTE-CR was found to be more cost-effective than CBCR
[110].

Movn is another smartphone-based virtual CR program commercially available as Moving
Analytics. The 12-month program is based on MULTIFIT (a rehabilitation program
developed by Stanford University and Kaiser Permanente). MULTIFIT has been shown in
randomized clinical trials to improve outcomes and reduce readmissions for patients with
CHD, HF, hypertension, acute coronary syndrome and diabetes [109,111,112]. The program
features a smartphone application with daily reminders to follow their exercise prescription,
log vitals, and review educational materials. Participants also receive weekly coaching
sessions to provide education, emotional support, and counselling on risk factors.
Additionally, this platform utilizes social media to provide group support and
encouragement for participants.

3.4.4 Home-Based Cardiac Rehabilitation Endorsement—While HBCR
programs are still in their infancy, several guidelines have already adopted its use in certain
populations. The ACC/AHA consider HBCR “a reasonable option” for eligible low- to
moderate-risk patients who cannot attend a traditional center-based CR program [106].
Moreover, Cochrane reviews of combined randomized trials comparing CBCR and HBCR
demonstrate similar effects on quality of life and cost among patients with recent Ml or PCI/
CABG [113].

3.5 Limitations of Home-Based Cardiac Rehabilitation

Despite the numerous advantages of HBCR, there remain significant limitations. Unlike
CBCR where patients are embedded in therapeutic groups, HBCR lacks the formal group
support and face-to-face interactions with CR staff. In-person group counseling and
education sessions are vital components of CBCR programs and provide additional benefit
to remote telephone and video sessions. A study comparing the efficacy of cognitive
behavioral therapy in patients with depression via telephone-based counseling versus in-
person counseling found similar improvements in depression after 18 weeks of therapy and
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improved adherence in telephone based group compared to in-person group [114]. At 6
months, however, patients who received in-person counseling were more likely to maintain
their therapeutic gains than those in the telephone-based group suggesting an added benefit
to face-to-face interactions [114].

Home-based cardiac rehabilitation programs also lack the framework for participants to
interact with and support one another. The group effect and the belief that “they are not
alone” can increase adherence to dietary and lifestyle changes. Using a peer support group,
particularly one involving health care worker has been shown to improve adherence to CR
[115,116]. Overall, group therapy allows individuals to feel less isolated and better
understood. This can result in decreased stress and anxiety, as well as an increased sense of
identity and belonging.

3.5.1 Patient Selection and Accountability: Another potential limitation is that lack
of in-person supervision in HBCR can result in decreased patient accountability and
adherence. Remote monitoring and frequent healthcare provider feedback and
encouragement may help motivate patients to a degree but is less effective than in-person
real time feedback [117]. Thus, HBCR participants need to demonstrate both self-efficacy
and motivation to derive the maximal benefit from HBCR. Individuals with emotional
distress, depression, and anxiety have poorer coping mechanisms and have higher rates of
attrition potentially making them less ideal candidates for HBCR[55,56]. Lastly, in HBCR
the clinical team’s assessment depends on patient’s subjective reports, which may not
accurately reflect their condition. Altogether, group-based dynamics and in-person support
provide positive social reinforcements to participants in CBCR, whose effects are difficult to
replicate in the HBCR setting. Given these limitations, it is worth considering pre-screening
and risk stratifying individuals utilizing scales such as the Cardiac Rehabilitation Barrier
scale (CRBS) to appropriately identify individuals best suited for HBCR [118].

3.6 Policy Change and Reimbursement

Home-based CR has been incorporated into the healthcare systems of several countries,
including Australia, Canada, and the United Kingdom. Unfortunately, HBCR faces
substantial challenges to be fully implemented in the United States. The most notable
challenge is lack of reimbursement for HBCR by Centers for Medicare & Medicaid Services
and other third-party payers necessitating policy changes [119]. While Medicare and
Medicaid Services recently agreed to cover telehealth services due to the COVID-19
pandemic, HBCR services were not among them [96]. As the results of HBCR outcome
studies become available, the authors are optimistic that policy changes will support HBCR
reimbursement. Cost-analysis studies on HBCR are limited, but emerging studies suggest
HBCR to be just as cost-effective as CBCR [120,121]. Two trials, EU-CaRE [122] and
eEduHeart I [123], are already ongoing to assess the efficacy of remotely delivered CR. With
the growing trend toward shared-risk and bundled payment models, therapeutic HBCR
platforms can may be cost-effective alternatives or adjuncts to traditional CBCR programs.

In addition to lobbying for nationwide coverage for HBCR, individuals with insurance also
face financial burdens in the form of co-payments, transportation, and parking costs.
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Arranging for shuttle transportation or simply providing free parking to CR participants can
help overcome these barriers. To further encourage adherence to CR programs, financial
incentive programs have been proposed as a solution to ensure participants complete all CR
sessions. Financial incentive programs have been shown to improve compliance with
smoking cessation [124], weight loss [125], and workplace physical activity [126]. Recently,
in a randomized clinical trial financial incentives were shown to increase CR attendance
[127]. The study randomized 130 Medicaid beneficiaries with CR-qualifying cardiac events
1:1 to receive usual care or financial incentives for completing CR sessions. Patients who
received incentives to attend CR completed, on average, seven and a half more sessions than
controls (22.4 vs. 14.7, respectively), and were nearly twice as likely to complete the CR
program—>55.4% vs. 29.2% of controls. Participants who were randomized to the incentive
arm earned an average of $716 over the study period, or $32 per session. The base pay for
attending a session was $4, and incentives increased $2 per consecutive session attended for
a maximum potential sum of $1,238. These findings suggest financial incentives can
potentially increase CR completion rates.

While financial incentive programs have been shown to effectively increase CR participation
and adherence, caution must be taken as these incentive programs have the potential to
coerce behavior, undermine individual’s autonomy, and target a skewed population most
likely to benefit from financial incentives. Furthermore, there is a likelihood that patients
will revert back to their original behaviors and habits once monetary incentives are
discontinued — diluting the cardiovascular benefits of CR over time [128-130].

4.0 Conclusion

Cardiac rehabilitation programs are multidisciplinary outpatient interventions that focus on
individualized exercise prescription and lifestyle modification in an effort to support CVD
risk reduction and medication adherence. Cardiac rehabilitation has significant mortality and
morbidity benefits in wide classes of CVD patients including those with acute coronary
syndrome, CABG, PCI, HF, and peripheral arterial disease earning it a class 1A indication
by ACC/AHA. Despite these benefits, there continues to be significant underutilization of
CR. Barriers to CBCR use are multifactorial and include low referral rates, lack of physician
endorsement, patient time constraints, transportation issues, and cost. Beyond automating
referrals and empowering physicians to educate patients on the benefits of CR, utilization of
HBCR can help overcome many of the barriers encountered by CBCR (Table 1). HBCR
employs a patient-centered approach through the use of home-based exercise programs
coupled with smartphone applications to track heart rate, blood pressure, glucose, lipids,
body weight, and daily activity levels, along with telehealth- or text-based coaching and
motivational strategies to keep patients on track. Via remote monitoring and telehealth
check-ins, HBCR programs not only increase accessibility, but can also provide comparable
health benefits when compared to CBCR in appropriate motivated low-moderate risk
patients. This therapeutic platform is still in its infancy, and research in optimizing its
delivery and utilization is ongoing. As wearable technologies continue to develop and new
communications strategies evolve, HBCR services will expand to include platforms that are
capable of overseeing a patient’s recovery continuously. Moreover, the creation of online CR

Expert Rev Cardiovasc Ther. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chindhy et al. Page 13

groups and the utilization of social media can partially recreate the benefits of in person
group therapy and more research is needed in this area.

Home- based cardiac rehab has been successfully employed in United Kingdom, Canada,
and Australia. However, most US healthcare organizations have little to no experience with
such programs. Wide-scale adoption of HBCR platforms will require further outcome
studies and cost-benefit analyses comparing HBCR to CBCR. As more data on the efficacy
of HBCR emerges, policy changes and insurance converge for these alternative delivery
systems will surely follow.

With the ongoing Coronavirus (COVID-19) pandemic, there has been an impetus for CR
delivery via mobile health platforms and social media [131-134]. Home based cardiac rehab
is even more vital now as it maintains social distancing, keeps patients out of hospitals,
encourages healthy eating at home, provides virtual mental and emotional support, and
reinforces efforts to quit smoking. With closure of CR centers to prevent spread of infection,
there is no better time for CR providers to explore and implement HBCR in order to provide
continued secondary prevention to patients with CVD. The time has come for patients,
clinicians, insurers, and health systems to incorporate what is already digitally possible.
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Article highlights:

Cardiac Rehabilitation is an important component in the continuum of care
for patients with cardiovascular diseases and provides numerous benefits
including increased functional capacity, decreased hospitalizations, secondary
cardiovascular events, and mortality.

Despite these benefits and the increasing burden of cardiovascular disease,
participation and completion of CR programs by eligible patients remain low.

Physician barriers to CBCR include low referral rates and inadequate
physician endorsement.

Patient barriers to CBCR include gender bias, racial, socioeconomic, and
psychological factors, language barriers, and poor physical health.

Systemic barriers to CBCR include distance to CR centers, cost of CR, and
fragmented care between CBCR programs and referring physicians.

Potential solutions to these barriers include standardized or automated
referrals to CR, increasing exposure to CR during medical training, increasing
CR staff diversity, travel reimbursements, providing financial incentives for
CR completion, and enrolling appropriate patients in HBCR.

HBCR circumvents many barriers to traditional CBCR participation by
utilizing remote monitoring and personalized risk factor management to
engage patients to improve their cardiovascular health.

The use of HBCR, either alone or in combination with CBCR, represents a
potential alternative that may improve the delivery of CR to eligible patients.

Additional research is needed on HBCR outcomes and per-patient cost
analysis before Medicare and third-party insurers consider coverage for these
interventions.

With the Coronavirus (COVID-19) pandemic and need for social distancing,
HBCR provides a unique opportunity for patients to continue receiving CR
despite closure of CBCR programs.
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Figure 1.
Key features for home-based cardiac rehabilitation to be successful.
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Outline of barriers to CR participation and potential solutions to overcome them. References noted in brackets.
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Table 1.

Barriers to CR participation

Potential Solutions

1 Standardize CR referrals [29,35,85]
2 Educating patients on CR through various healthcare workers [78,80,81,135,136]
Low CR Referral Rates [28-30] 3 Structured post discharge telephone encounters or home visits [81,82]
4 Earlier appointments to CR programs [83,84]
5 Include CR referral rates as quality of care metric and pay-for-performance measure [87,88]
1 Educating providers on benefits of CR [44,76,77]
Inadequate Physician 2 Educating patients on CR through various providers [78,80,81,135,136]
Endorsement [31-35,74,75] . 3 .
3 Educating patients on CR through various healthcare workers [78,80,81,135,136]
1 Standardize CR referrals [29,35,85]
Gender Disparity [36-42,44] 2 Women-only group CR sessions [94-96]
1 Standardize CR referrals [29,35,85]
Racial or Ethnic Disparities
[30,47-49] 2 CR endorsement from physicians of similar ethnic or racial backgrounds [91,92,137]
1 Encouragement and assessment from various healthcare providers [78,80,81,135,136]
Poor Physical Health 2 Increase access to CR with HBCR [99-102,105-109]
[23,36,40,42,54] . . .
3 Provide transportation to CR facilities [138]
1 Providing counseling from physicians of similar ethnic backgrounds [91,92,137]
Language Barriers [S0,51] 2 Provide CR sessions in patients native language [50]
1 Standardize CR referrals [29,35,85]
2 Give financial incentives to participate in CR [127-129]
Socio-economic factors 3 Expand coverage of CR [119,131]
[28,31,36] A
4 Utilization of HBCR
5 Provide transportation and childcare costs for CR
) 1 Treatment of underlying psychological disorders
Psychological Factors
[55,56,61-65,139] 2 Highlighting CR as a treatment for depression/anxiety [5]
1 Provide transportation to CR facilities [138]
Travel Distance to CR Facility
[16,67-71] 2 Increase access with HBCR [99-102,105-109]
1 Expand nationwide coverage of CBCR and HBCR [119]
2 Incentivize patients to participate in and complete CR [127-129]
Costof CR [17,72] 3 Provide copayment reduction for attending CR [140]
Provide free parking at CR centers
1 Standardize CR referrals [29,35,85]
Fragmented Care [73] 2 Educating patients on CR through various providers [78,80,81,135,136]
3 Educating providers on CR [44,76,77]
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Barriers to CR participation

Potential Solutions

4 Increase access to CR with HBCR [99-102,105-109]
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