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Abstract
Purpose of Review The COVID-19 pandemic has forced many center-based cardiac rehabilitation (CBCR) programs to close or
limit their usual offerings. In order for patients to continue to benefit from CR, programs need to rapidly adapt to the current
environment. This review highlights ways CR has evolved, and reviews the history of CR and recent advancements in telemed-
icine including remote patient monitoring, and mobile health that can be applied to CR.
Recent Findings Despite that initial studies indicate that home-based CR (HBCR) is safe and effective, HBCR has faced several
challenges that have prevented it from becoming more widely implemented. Many previous concerns can now be addressed
through the use of new innovations in home-based healthcare delivery.
Summary Since its inception, CR has become increasingly recognized as an important tool to improve patient mortality and
quality of life in a broad range of cardiac diseases. While there has been little need to modify the delivery of CR since the 1950s,
COVID-19 now serves as the necessary impetus to make HBCR an equal alternative to CBCR.
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Introduction

Evolution of Cardiac Rehabilitation into the Standard
of Care

At the start of the twentieth century, patients were not expect-
ed to recover after myocardial infarction (MI). With the pre-
sumption of long-term convalescence, common management

was strict bedrest. As physicians in the 1950s began to realize
the benefits of early mobilization, cardiac rehabilitation be-
came the treatment of choice with the new expectation that
patients would return to their prior level of activity [1]. This
shift can be attributed to physicians such as Herman
Hellerstein, who developed a revolutionary understanding of
the influence of lifestyle factors on cardiovascular risk. To
target those lifestyle factors and improve functioning,
Hellerstein created the first multidisciplinary CR program
and urged physicians to recognize their essential role in reha-
bilitation beyond diagnosis and treatment of disease, writing
that “the practice of rehabilitation should not be below the
dignity of the physician” [2].

While technology and pharmacotherapy for the treatment
of cardiovascular disease (CVD) have evolved dramatically
since the 1950s, and lifestyle modification is now recognized
as the first-line treatment, CVD has remained the leading
cause of death worldwide. In 2016, CVD was responsible
for over 9.5 million deaths worldwide [3–4]. As a result, the
importance of CR has become increasingly clear. Although
Hellerstein’s approach was once considered radical, in 1994,
the American Heart Association (AHA) emphasized that CR
should be the standard of care and integrated into the treatment
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plan for all patients with CAD [5]. The AHA also defined the
goals of CR: to improve functional capacity, reduce disability,
and identify and modify coronary risk factors in an attempt to
reduce subsequent morbidity and mortality due to cardiovas-
cular illness. A year later, in 1995, the Agency for Healthcare
Policy and Research released Cardiac Rehabilitation, which
pioneered a framework of comprehensive healthcare guide-
lines regarding integration of medical management, exercise,
and education for those living with CVD in the USA. These
emphasized exercise training, physical activity, risk reduction,
and pharmacotherapy [6].

Although from its inception the goal of CR was to improve
a patient’s functional status and quality of life, there has since
been an accumulation of outcome data demonstrating a mor-
tality benefit [7–9]. As a result, the AHA/American College of
Cardiology (ACC) has given CR a class 1A recommendation.
In addition, data continues to accumulate showing the benefits
of CR to patient function and quality of life for a broad range
of indications beyond coronary artery disease (CAD).
Accordingly, over time the number of indications for CR
has expanded to include prior heart valve repair or replace-
ment (including newer technologies such as transcatheter aor-
tic valve replacement (TAVR) and MitraClip, prior heart
transplant, heart-lung transplant, or left ventricular assist de-
vice (LVAD)), systolic congestive heart failure New York
Heart Association class II to IV, and peripheral arterial disease
[10]. There is a growing body of data showing that CR is
beneficial for patients with heart failure with preserved ejec-
tion fraction (HFPEF) [11,12]. Though HFPEF is not current-
ly a covered indication for CR, there is lobbying from profes-
sional societies based on recent data to expand coverage to
include this important population of patients.

Center-Based Cardiac Rehabilitation

CR in the USA is delivered primarily via in-person, center-
based programs (center-based cardiac rehabilitation, or
CBCR) in two formats: traditional cardiac rehabilitation
(TCR) and a newer model, intensive cardiac rehabilitation
(ICR) (Fig. 1). Two widely accepted models of ICR are the
Pritikin Program and the Ornish Reversal Program [10]. Both
TCR and ICR are reimbursed by the Centers for Medicare and
Medicaid Services (CMS) and other third-party payers.
Home-based cardiac rehabilitation (HBCR), on the other
hand, is still in its infancy in the USA.

TCR follows a 36-session model with 3 sessions per week
for 12 weeks. These sessions consist of moderate-intensity
aerobic exercises in addition to education on CVD and life-
style modifications [6,13]. For further risk reduction, TCR
includes education on tobacco and alcohol cessation.
Individual cardiometabolic risk factors are evaluated compre-
hensively with assessment of lipid panels, HBA1c, blood
pressure (BP), and weight [14].

ICR programs involve comprehensive lifestyle changes
and incorporate modalities such as stress management, group
therapy, and nutrition counseling. The Pritikin Program is
formatted with 36 h of aerobic exercise and 36 h of education-
al sessions [15]. Participants are encouraged to consume a
low-fat diet with an emphasis on vegetables, grains, and fruit,
while saturated fats and cholesterol-rich foods such as egg
yolks and red meat are discouraged. The exercise component
includes aerobic exercises as well as strength and flexibility
training, citing studies showing that the combination yields
increased peak oxygen consumption, a measure of cardiore-
spiratory fitness [16]. The program also incorporates mental
health practices and stress management classes.

The Ornish program core components include nutrition, fit-
ness, stress management, and group support. For nutrition, con-
sumption of healthy, monounsaturated fats and plant-based pro-
teins and limitation of alcohol, sugars, and sodium is recom-
mended [17]. The program does not allow for consumption of
oil or animal products other than egg whites. The fitness compo-
nent involves 60-min sessions of monitored, moderate-intensity
aerobic exercise. Yoga and meditation are encouraged for stress
management. Patients also engage in group support and psycho-
social counseling to create a strong foundation of mental health.
The Lifestyle Heart Trial demonstrated that the Ornish program
resulted in a 37.2% reduction in low-density lipoprotein (LDL)
cholesterol, a 91% reduction in anginal episodes, and a 2.2%
regression in average percent diameter coronary artery stenosis.
Additionally, it significantly increased myocardial perfusion as
compared to the control group [17]. Another randomized trial (n
= 93) demonstrated that patients in the Ornish program had sig-
nificantly greater improvements in weight, dietary habits, and
body mass index (BMI) compared to TCR (p < .001) [18].

The Challenge of COVID-19 for Center-Based
Cardiac Rehabilitation

Among the many challenges that COVID-19 poses worldwide
is the challenge to the delivery of CR via in-person, CBCR. At
the same time, COVID-19 has only highlighted the important
role CR plays in empowering patients to make healthy life-
style choices that will reduce their risk of ASCVD and
COVID-19-related morbidity and mortality [19].

Despite its reliable benefits to mortality and quality of life
and despite improvement in referral rates, only 34% of re-
ferred patients enrolled in CR prior to COVID-19. Only
16.3% of Medicare patients and 10.3% of veterans participat-
ed in CR after hospitalization for MI, percutaneous coronary
intervention, or coronary artery bypass graft surgery [20]. In
particular, women and minorities are disproportionately rep-
resented in CR. Women are 36% less likely to be enrolled and
less likely to complete the program compared to men [21].
Black, Hispanic, and Asian patients were 20%, 36%, and
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50% less likely, respectively, to receive CR referral compared
to white patients [22]. Factors that contribute to this overall
low enrollment rate include a poor centralized method for
referral, inadequate communication between treatment teams,
and perceived inconvenience for the patient [10]. During the
pandemic, additional requirements for testing, inflexible
scheduling for essential workers, and financial burden may
exacerbate the already existing barriers.

COVID-19 may enhance existing gaps in access to
healthcare in general. Even without the stress imposed by
the pandemic, socioeconomic status has been linked to under-
utilization of CR [21]. Now, an additional 7.3 million workers
and their families may become uninsured during the pandemic
because of unemployment [23]. As a result, many low-income
patients will lose access to CR and therefore remain at a higher
risk of ASCVD with a greater number of cardiometabolic risk
factors. The disproportionate number of racial and ethnic mi-
norities participating in CR may be one reason why COVID-
19 disproportionately affects these groups [24].

Both TCR and ICR are more commonly delivered via a
center-based approach (CBCR). These programs require pa-
tients to be physically present at a facility located in a hospital
or outpatient center. Most CBCR programs have shut down
in-person activities to limit the potential for COVID-19 trans-
mission. Those that remain open must substantially decrease
the number of patients in the space to enforce social distancing
guidelines, making it difficult to accommodate all referred
patients and continue the standard CR activities.

COVID-19 has not onlymade access to CR challenging for
patients, but centers themselves face a multitude of chal-
lenges. Many centers find that CR during COVID-19 is not
financially sustainable. Less patients attending CR limit reve-
nue, limit the number of staff that can be maintained, and in
turn further limit the number of patients that can be safely
accommodated. Centers located in rural and community hos-
pitals receive fewer referrals to CR, have lower participation at

baseline, and therefore may be disproportionately impacted by
COVID-19 [25].

Closely supervised exercise is an important component of
CBCR and is currently required by CMS [10]. Healthcare pro-
viders are present for direct observation and coaching of patients
during exercise, and telemetry and BP monitoring are employed
to ensure that patients are exerting themselves safely [13,26].
Although severe cardiac events during CBCR are rare, the safety
of remote patient exercise monitoring has not been thoroughly
studied [27,28]. This makes it difficult for existing CBCR pro-
grams to swiftly transition to a home-based model.

COVID-19 also interferes with the ability of CR patients to
connect and benefit from the support of their peers. Typically,
ICR programs include meal sessions, yoga for stress manage-
ment, and support sessions—all in a group environment to foster
camaraderie. Such group support is important for patient morale
and has been shown to greatly enhance patient adherence [10].
Often, CR cohorts create lasting bonds and continue to support
each other once the program has finished. Given these aspects of
CR would be absent under most county COVID-19 guidelines,
new approaches are needed to attain a similar sense of group
connection virtually.

After 30 years with little change in CR delivery, this is an
opportunity for innovation so that patients can continue to benefit
from CR in a safe manner. While HBCR programs do exist, they
are rare, not as widely studied, and therefore lack clear guidelines
for implementation. The use of new technologies to create a safe
and effective HBCR program will not just allow CR to continue
during the pandemic, but may also lead to higher utilization rates
in the future.

Home-Based Cardiac Rehabilitation

HBCR programs have long been available in the UK, Canada,
Australia, and even rarely in the USA (Fig. 1). These

Fig. 1 Evolution of cardiac
rehabilitation (CR) from its
creation in the 1950s to the
COVID era and beyond
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programs were created in an attempt to overcome some of the
barriers that prevent patients from participating in CBCR pro-
grams, including geographic, logistical, and other access-
related barriers.

A recent review article examined 23 randomized controlled
trials (RCTs) of HBCR and CBCR and found that these pro-
grams tend to implement the same core components [29].
These include patient assessment, exercise training, dietary
counseling, risk factor management (smoking, lipids, BP,
weight, diabetes mellitus), and psychological intervention.
Comparison of studies in HBCR and CBCR indicates a sim-
ilar improvement in quality of life and no statistically signif-
icant difference in all-causemortality up to 12months after the
intervention [30–37]. However, the majority of these studies
included low-risk patients after uncomplicated myocardial in-
farction. It is unclear how HBCR compares to CBCR in other
patient groups, particularly high-risk patients such as LVAD
and transplant patients.

Most HBCR programs involve home walking programs
supported by telephone calls or home visits by an exercise
physiologist or nurse [29]. Some programs employed heart
rate monitors and others remote electrocardiographic teleme-
try monitoring. The HF-ACTION trial provided treadmills or
stationary bicycles in addition to a heart rate monitor to the
HBCR group, which resulted in modest adherence [38].
Through these methods, HBCR has been shown to result in
a similar improvement in peak oxygen uptake compared to
CBCR [29]. In one study (n = 30), peak oxygen uptake in-
creased 4.6 (±2.7) and 3.9 (±3.6) mL·kg−1 min−1 (both p <
0.005, non-significant between-group difference) in CBCR
and HBCR respectively [32].

A recent RCT in Europe (n = 179) demonstrated that 6
months of HBCR in adults aged 65 or older with CAD or
valvular disease was both successful in improving cardiore-
spiratory fitness and safe [39••]. The participants had all re-
fused referral to CBCR. They received a heart rate monitor
and a smart phone with a special application designed for the
study. Patients always wore heart rate monitors while exercis-
ing and were coached via telephone using motivational
interviewing techniques based on their individual recorded
exercise data. Peak oxygen uptake increased after 6 months
(1.6 [95% CI, 0.9 to 2.4] mL/kg−1/min−1; relative increase of
8.5%) and 12 months (1.2 [95% CI, 0.4 to 2.0] mL/kg−1/
min−1; relative increase of 6.3%) in patients participating in
HBCR, whereas no changes were observed for the control
group. Similarly, patients completing HBCR self-reported a
greater increase in physical activity compared to the control
group at 6 months (+1.2 [95% CI, 0.2 to 2.1] mL/kg−1/min−1)
and 12 months (+0.9 [95% CI, 0.05 to 1.8] mL/kg−1/min−1).
Importantly, the incidence of adverse events did not differ
between the HBCR and control groups (12 of 89 [13%] vs.
10 of 90 [11%]; p = 0.66). This RCT demonstrates that an
exercise-based CR program can be safely implemented in the

home setting and can enact lasting changes in the behavior and
functioning of a group of patients who had previously refused
CBCR.

Beyond exercise training, HBCR programs offer dietary
counseling through a variety of methods, including telephone,
weekly educational and counseling meetings, home visits, di-
etary counseling sessions and practice cooking sessions, edu-
cational materials, or a web portal or smartphone [29]. Similar
to CBCR, psychological support and stress management are
also components of HBCR. They also employ a variety of
strategies to improve lifestyle habits, including smoking ces-
sation, and adherence to prescribed medications.

One of the main challenges that has prevented HBCR from
becoming more widely implemented is lack of reimburse-
ment. Following an executive order to improve rural health
and telehealth access, CMS has now expanded the list of
telehealth services that Medicare Fee-For-Service will pay
for during COVID-19 to include cardiac and pulmonary reha-
bilitation services [40]. The executive order went further to
call for the expansion of healthcare delivery flexibility beyond
the public health emergency. Given that telehealth visits have
continued to be frequent despite that in-person visits have now
resumed, remote visits are likely to be a permanent feature of
healthcare delivery.

Other challenges faced by HBCR include less intensive
exercise training, less social support, less patient accountabil-
ity, lack of published standards, less face-to-face monitoring
and communication, and safety concerns for high-risk patients
[29]. Using existing HBCR models as a basis, many of these
concerns can potentially be addressed by new innovations in
home-based healthcare delivery.

New Innovations in Home-Based Healthcare
Delivery

The Rise of Telemedicine

COVID-19 has already rapidly transformed telemedicine from
a rarely used alternative into common practice. An in-depth
patient interview can now easily be performed via HIPAA-
compliant video sessions integrated into the electronic medi-
cal record. During the first quarter of 2020, telemedicine visits
increased by 50% compared with the same time period in
2019 [41]. Large medical systems have trained their staff to
be proficient in virtual-based encounters, and many insurance
companies now cover virtual visits.

In addition to empowering patients to examine themselves
and employing caregivers to assist in examination, aspects of
the physical exam can also be performed at home using new
technologies [42]. The FDA-approved Eko stethoscope incorpo-
rates a remote feature which enables accurate remote auscultation
of patients and simultaneous electrocardiogram (EKG) capture
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[43]. The patient places the capturing end of the stethoscope on
his or her chest, while the clinician is able to hear high-fidelity
audio in real-time and visualize audio waveforms and a single-
lead EKG. There is also the option to utilize artificial intelligence
algorithms to assist in predicting whether a patient is at risk for
heart disease with greater accuracy. Several algorithms are now
FDA approved to detect valvulopathies and arrhythmias. One
algorithm has been shown to detect low ejection fraction <35%
andmitral regurgitation based on the EKG obtainedwith the Eko
[44,45].

Even laboratory (lab) testing may eventually be possible at
home. Over the last 5 years, companies such as LabCorp,
EverlyWell, LetsGetChecked, MyLabBox, and 23andme
have developed home lab testing kits [46]. These tests are
not just convenient, but they improve patient access, remove
burden on the healthcare system, and decrease the risk of
exposure to infection. While they currently incur out-of-
pocket costs, it is possible that these services could be
employed in the future for home lab monitoring of HBCR
patients.

Remote Patient Monitoring

There are several FDA-approved cardiac monitors which have
been used in clinical care for cardiac monitoring up to 14 days.
Recently, auscultatory devices have been integrated into gar-
ments for long-term monitoring [47]. Alternatively, im-
planted, long-term cardiac monitors have been developed
which can detect S3 heart sounds and predict heart failure
exacerbations with greater accuracy than auscultation with a
stethoscope [48]. With further study, these technologies have
the potential to make supervision of home exercise easier and
safer, similar to how the CardioMEMs pulmonary artery pres-
sure monitoring device has been shown to significantly reduce
hospitalizations in patients with heart failure with both re-
duced and preserved ejection fraction [49].

Popular commercial wearable devices that monitor heart
rate can be used to assess cardiorespiratory fitness and allow
for remote monitoring of patient safety. These devices can be
found in the form of a watch, bracelet, or ring. The Apple
watch can transmit a single-lead EKG and blood oxygen
levels (SpO2). It is able to notify the patient about heart bra-
dycardia, tachycardia, or irregular rhythms and is also able to
sense when a patient may have fallen and notify emergency
services. It is FDA approved to detect atrial fibrillation with a
sensitivity of 98.0% and specificity of 90.2% [50]. The watch
has also been used to measure QTc adequately in 85% of
patients when worn on the left wrist [51]. It may even be
possible to diagnose acute coronary syndromes based on
ECGs recorded on smart watches [52]. While they possess
great potential, these technologies need to undergo rigorous
clinical trials in order to demonstrate that they improve
outcomes.

Continuous glucosemonitors (CGMs) have also seen dramat-
ic improvement, now with the availability of wearable monitors
that do not require confirmatory finger sticks. These CGMs have
been shown to improve glycemic control in patients with type 1
diabetes [53–55]. Now also approved in type 2 diabetes (T2DM),
these provide instant feedback on patients’ dietary choices.
CGMs have also been shown to reduce hypoglycemia in older
adults [56]. The data from these monitors can be tracked remote-
ly by physicians and by patients on their smart phone or watch.
Given 20-44% of patients referred to CR have T2DM, this tech-
nology could be instrumental in making HBCR safer for higher
risk patient groups [57,58].

Technologies such as the CGM need to be curated and
integrated into CR programs in a meaningful way. To avoid
overwhelming patients, they should be incorporated into the
electronic medical record with a use-friendly dashboard. In
addition, programs will need to work with payors in order to
get coverage for these devices so that they can be provided to
CR patients for the duration of the program.

Mobile Health

Mobile health (mHealth) is defined as the use of wireless
technologies to improve health outcomes [59]. Patient-
generated data has come a long way from having a patient
record their BP readings with a pen and paper. Now, there
are more than 250,000 mobile health applications available
and more than 300 million wearable devices in use [60]. In a
feasibility study examining patient use of virtual-based visits
and mHealth, including a BP monitor, step counter, weight
scale, and a single-lead EKG, 63% of patients transmitted data
in more than 80% of the 52-week study [61•]. Additionally, of
those who participated, patient satisfaction scores were similar
to those who had usual care. This study suggests that patients
participating in CR would likely be able to successfully gen-
erate wireless health data for the duration of the program and
have similar satisfaction compared to CBCR.

Now that patients are generating this incredible amount of
data, the question becomes how we use the information to
improve health outcomes. mHealth has been successfully uti-
lized to mitigate several ASCVD risk factors. A mobile appli-
cation has been used tomonitor dietary patterns and ultimately
modulate those patterns to achieve reduced body weight, in-
creased energy, and improved sleep [62]. In a systematic re-
view and meta-analysis of eleven randomized controlled trials
investigating mHealth for BP management, mHealth resulted
in significant reductions in systolic BP and diastolic BP com-
pared to control [63]. Several studies have indicated that
mHealth can improve management of diabetes [64]. While
several studies have examined various lifestyle interventions
via mHealth with the goal of managing hyperlipidemia, there
is not yet a consistent benefit [65].
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mHealth has also been used to increase patient exercise by
improving motivation and self-efficacy and providing objec-
tive targets [64]. The HEART trial (n = 171), which utilized a
personalized, automated package of text messages and a se-
cure website with videomessages aimed at increasing exercise
behavior, resulted in increased physical activity [66].
Wearable devices can more eloquently assess cardiorespirato-
ry fitness with the assistance of validated algorithms to inter-
pret the data. Using data from the HUNT Fitness Study, an
algorithm was developed which used continuous heart rate
data to create a personal activity score that can be trended over
time [67]. Several studies have shown this score to correlate
with cardiac risk. A score ≥100 had a reduced risk of mortality
(17% [7-27%] in men and 23% [4-38%] in women, p < 0.01)
and was associated with a reduced risk of death due to cardio-
vascular disease (p < 0.01). A subsequent study showed that
obtaining a score ≥100 attenuated the positive association of
sedentary behavior with clustering of risk factors for CVD
[68]. In addition, a score ≥100 was associated with higher
maximum oxygen consumption in both men (4.1 mL/kg
min; 95% CI, 3.5 to 4.6) and women (2.9 mL/kg min; 95%
CI, 2.4 to 3.3), compared to the reference group of <100 [69].
Scores such as this could serve as objective, noninvasive
mechanisms for physicians to monitor patients’ cardiorespira-
tory fitness in the outpatient setting.

One study (n = 80) evaluated the use of mHealth in
CR specifically and demonstrated improved outcomes in
CBCR patients who used a smartphone application (app)
compared to those who did not [70••]. Patients using the
app had greater weight loss compared to the control
group (−5.1 ± 6.5 kg vs. −0.8 ± 3.8 kg, respectively, p
= 0.02). In addition, there was a trend towards reduced
CV-related rehospitalizations plus ED visits compared to
the control group at 180 days. This study demonstrates
the potential of mHealth to improve outcomes in CR
patients. The challenge will be to robustly integrate tele-
medicine, remote patient monitoring, and mHealth into
existing CR models in order to achieve a program that
is effective, safe, user-friendly, and reimbursable by in-
surance (Fig. 1).

Hybrid Model of Cardiac Rehabilitation

The hybrid CR model involves 1-2 initial sessions in the
center and subsequent sessions completed remotely with
home-based monitoring. The initial in-person sessions
provide the opportunity to ensure safety and psychosocial
well-being, increase participation in group sessions, and
individualize patients’ home-based exercise programs.
Studies have shown that this model is safe and yields
comparable results to CBCR. In one systematic review
and meta-analysis (n = 1195), CR delivered through the

hybrid model was found to result in a similar improve-
ment in functional capacity (SMD = −0.04, 95% CI −0.18
to 0.09, p = 0.51). In addition, no significant difference
was detected between the two models in terms of changes
in exercise duration (SMD = −0.14, 95% CI −0.51 to
0.24, p = 0.47), systolic BP (SMD = −0.01, 95% CI
−0.14 to 0.12, p = 0.91), diastolic BP (SMD = −0.03,
95% CI −0.16 to 0.11, p = 0.7), or health-related quality
of life (SMD = −0.08, 95% CI −0.23 to 0.07, p = 0.27)
[71]. Another systematic review and meta-analysis (n =
1791) demonstrated that hybrid CR resulted in a greater
improvement in peak oxygen uptake compared to usual
care (9.72 mL/kg per minute; 95% CI, 5.12–14.33)
[72•]. CR may evolve towards a hybrid model that strikes
an ideal balance between CBCR and HBCR (Fig. 1).

Conclusions

COVID-19 serves as both a challenge to CBCR and a
long-awaited impetus to increase CR utilization. With
successful existing HBCR programs serving as a basis,
advancements in telemedicine, remote patient monitoring,
and patient-generated data via mobile health have the po-
tential to create a safe, effective, and standardized home-
based alternative to CBCR. The explosion in new tech-
nologies such as CGMs and smartphone applications
could be tailored to make home-based programs safe
and effective. This process will require testing these new
technologies within CR and creating evidence-based
guidelines for HBCR programs. At the same time, there
is value in the center-based approach—in hands-on teach-
ing, in coaching, and in human connection—and there
may be evolution towards a hybrid model. It is time to
chart a new course to an accessible and adaptable CR
program with the goal of improving access to CR both
now and in the future.
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