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Abstract

Purpose of Review Cardiac rehabilitation (CR) referral is a Class I post-myocardial infarction (MI) recommendation from the
American Heart Association and the American College of Cardiology, yet referral rates remain strikingly low, with cardiolo-
gists some of the worst under-referring offenders. This paper seeks to review the evolution of CR and its well-established
benefits, as well as reasons behind the poor referral and utilization.

Recent Findings CR is a secondary prevention program for cardiovascular disease (CVD) that was first initiated in the 1970s
as a hospital-based exercise program after an acute MI, but then evolved into a comprehensive multi-disciplinary program
for patients with a wider range of cardiovascular diseases. CR mortality and morbidity benefits have endured over decades,
even as interventional and pharmacological cardiovascular therapeutics have improved and as patients have become rela-
tively more stable.

Summary Despite being an evidence-based clinical standard, referral and participation in CR are disconcertingly low. In
efforts to combat poor referral rates, and improve care in the contemporary care environment, the approach to CR is evolving.
Innovations include broadening CR beyond the hospital setting into remote- and hybrid-based formats, while still incorpo-
rating exercise training, risk factor reduction, and education, as well as behavioral and psychosocial support. Nonetheless,
there still remain many challenges to overcome in order to increase participation of all ages, financials, races, and sexes.
With new performance measures as well as an increasing number of NIH-funded studies on the horizon, there is hope that
CR will become a relatively more valued and utilized component of cardiovascular preventative care.

Keywords Cardiac rehabilitation (CR) - Stable ischemic heart disease (IHD) - Myocardial infarction (MI) - Cardiovascular
disease (CVD)

Introduction

This article is part of the Topical Collection on Ischemic Heart

Disease Contemporary cardiac rehabilitation (CR) is a compre-

hensive multi-disciplinary program to reduce morbidity
and mortality in cardiovascular patients. Key benefits also
include reduced rehospitalization and improvements in qual-
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ity of life and function. CR referral is a Class I recommenda-
tion from the American Heart Association and the American
College of Cardiology for patients which initially included
only those with recent myocardial infarction (MI) and
post-coronary artery bypass grafting (CABG), which has
expanded over time to also include post-percutaneous coro-
nary intervention (PCI), chronic stable angina, valvular heart
disease, heart transplant, heart failure with reduced EF, and,
most recently, PAD patients. Although recommendations for
CR now extend to a wide range of patients, ischemic heart
disease (IHD) remains one of the most common indications
for the referral, and CR participation continues to demon-
strate significant benefits, beyond those achieved with even
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the latest advances in revascularization and adjunctive medi-
cal therapies. Notably, CR itself has also changed over time
as it responded to research showing the complex physiol-
ogy underlying cardiovascular disease (CVD); CR expanded
from what was originally only exercise training to now also
including education, behavior modification, risk factor
reduction, stress relief, and other vital therapeutic goals.
However, despite the enduring and even growing benefits
of CR for IHD, referral rates and participation remain low,
particularly due to under referral of many eligible patients.
This review evaluates the evolution of CR and its benefits,
particularly in respect to patients with ITHD.

Evolution of Cardiac Rehabilitation

When formalized CR began in the 1970s, it revolutionized
care for the acute myocardial infarction (MI) patient. In the
early 1900s, therapeutic options were sparse and cardiac
morbidity and mortality were exceptionally high. Survivors
typically had sustained fully completed infarcts, with high
prevalence of residual ischemia, large territories of myo-
cardial scar, and arrhythmic vulnerabilities. Given these
risks, treatment norms usually entailed 6 weeks of bed rest
and long hospital stays. However, over time it came to be
recognized that these long periods of inactivity resulted
in significant deconditioning, pulmonary emboli, depres-
sion, and progressive clinical deterioration. In the 1940s,
chair therapy was first introduced enforcing that myocardial
infarction patients simply sat up in a chair instead of lay-
ing recumbent in bed [1]. This progressed to allowing short
daily walks 4 weeks after acute coronary events through-
out the 1950s. In 1968, Saltin et al. published the Dallas
Bed Rest and Exercise Study which showed that bed rest
reduced VO2max through reductions in stroke volume and
cardiac output, while exercise training enhanced VO2max
by increasing cardiac output [2]. These and other studies
contributed to the evolution of exercise recommendations
post-MI [3, 4]. With many patients and physicians still fear-
ful about initiating exercise in a non-supervised fashion, the
concept for formal CR was formally conceptualized in 1970.
Participation in a supervised CR setting provided a process
to both promote and guide functional recovery for patients
who in most cases were still intrinsically unstable.

In its early stages during the 1970s and 1980s, the objec-
tives of CR were primarily to improve physical activity and
help patients with IHD reengage with their lives. Many were
deconditioned and anxious after cardiac events that had left
them feeling debilitated and vulnerable. CR was geared par-
ticularly towards the middle-aged males, with the goal to
get them back to work. Related CR literature focused exclu-
sively on males [5]. In the early 1980, 1990s, and 2000s,
many studies were starting to show benefits and possibly
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mortality benefit for exercise-based CR [1, 6]. In 2000,
Cochrane published a systematic review of studies ranging
from the 1980s—1999 and concluded that exercise-based
CR is effective in reducing cardiac deaths [7]. However, the
authors noted that the evidence was weakened by the poor
quality of trials and specifically no randomized control trials.
Trails also continued to enroll predominantly white, middle-
aged males who were at lower risk for complications than
the general public. Furthermore, many wondered if more
could be done to enhance CR effectiveness.

Amidst these prevailing considerations, it became
increasingly appreciated that CVD patients were burdened
not only by acute events but by underlying conditions that
increased CVD risks. Hypertension and diabetes were
among the factors that were associated with CVD that could
also potentially be addressed as part of CR. The first Clini-
cal Practice Guidelines for Cardiac Rehabilitation expanded
the scope of CR to include strategies to reduce modifiable
CVD risk factors [8]. Soon after, the INTERHEART study
proved that specific aggressive risk factor modification can
reduce the risk of MI, reinforcing rationale for broader CR
programmatic goals [9]. The authors concluded there were
nine prominent modifiable risk factors (dyslipidemia, smok-
ing, hypertension, diabetes, abdominal obesity, psychosocial
factors, consumption of fruits and vegetables, alcohol use,
and regular physical activity) which account for over 90%
of the risk for MI [4]. This study helped pave the way for
the current core components of risk factor modification into
CR. Tobacco cessation and nutritional and weight loss coun-
seling in combination with cholesterol, diabetes, and blood
pressure management are all mainstays within contempo-
rary CR programs and were officially added to the American
Association of Cardiovascular and Pulmonary Rehabilita-
tion’s performance measures in 2007 [10]. With the incorpo-
ration of risk factor modification to exercise therapy, CR has
evolved to become a comprehensive lifestyle cardiovascular
risk reduction program.

CR Benefits
A. Mortality Benefit

While advancing therapeutics remains one of cardiology’s
great success stories, the fact that CR has endured as an
enhancement of care beyond all the other components of con-
ventional therapy is remarkable. Over the decades since CR
was initially formulated, there have been numerous advance-
ments in treatment of IHD, both technically and pharma-
cologically, all improving outcomes. Mortality-associated
CVD has significantly decreased [11] and bed rest as well
as hospitalization length of stay has decreased as well, mod-
erating debilitation that was once notorious. Acute Mls are
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recognized and treated earlier with revascularization, anti-
platelets, beta-blockers, and statins. PCI has become progres-
sively more technically advanced with improvement in stent
durability, pliability, and deployment. CABG surgeries are
more streamlined with less time on bypass, yielding faster
recoveries and hospital stays. Nevertheless, among those who
continue on to CR, outcomes are still significantly improved
compared to those who do not attend CR.

In the most recent 2018 Cochrane systematic review on
“Exercise-based cardiac rehabilitation for coronary artery
disease,” 63 different randomized control trials (RTC) were
evaluated to assess the effectiveness of exercise-based CR
compared with usual care on mortality, morbidity, and qual-
ity of life in CVD. The authors found that cardiovascular
mortality and hospitalizations were still both significantly
reduced in patients who underwent exercise-based CR when
compared to controls [12¢]. Health-related quality of life was
also significantly improved in the CR groups. Of note, the
trials included in the Cochrane Reviews have almost exclu-
sively been exercise-only programs, and benefits from mul-
tifaceted CR programs are presumed by many to be likely
even more significant. These findings echoed assessments
from the previous Cochrane reviews published in 2001 [7]
and 2011 [13] which also demonstrated significant mortality
benefits and decreased hospitalizations for the exercise CR
groups. Notably, fotal mortality was still not significantly
improved. Again, such accounts are muddled by the fact that
many of the trials studied pertained only to exercise-only CR
programs and did not account for the added benefits which
may be attributable to multifaceted CR programs. Further-
more, the populations studied were predominantly lower
risk men following revascularization, which may underes-
timate potential all-cause mortality benefits of CR in other
clinical contexts and populations. Methodologic weaknesses
were inherent to the CROS-II study published in 2020. This
study evaluated CR trials through 2018, and demonstrated
CV mortality—lowering benefits. The authors also conclude
that the studies varied significantly in their outcome meas-
urements and highlighted need to determine internationally
accepted standards for CR [14].

B. Secondary Risk Factor Reduction

The Cochrane and CROS-II reviews have emphasized
CR mortality—lowering benefits of CR, but other bene-
fits increasingly recognize additional benefits. Declines
in cholesterol level and blood pressure and smoking
reduction [15] as a result of CR are also reported. These
reductions can occur in programs that include exclusively
exercise, but are putatively enhanced by programs that
include education, smoking cession, diet, and behavioral
modifications as part of the CR in a multi-disciplinary

approach. Multi-disciplinary programs tend to empha-
size nutritional assessments throughout the stages of a
CR program, assessing baseline caloric intake as well as
dietary content, allowing for key individualized dietary
modifications and goals to be established. With obesity on
the rise across the globe and recognized as an independ-
ent factor for CVD, importance of weight management is
now often emphasized. Cholesterol and diabetes education
also tend to be completed throughout CR as well. Moni-
toring these risk factors allows for healthcare providers
to tailor medications for optimal benefit and in combina-
tion with CR care has been found to improve outcomes of
these measures [16]. Tobacco cessation is also addressed
in multi-disciplinary CR, with assessments involving the
readiness to quit, as well as intervention with education
and counseling.

C. Functional Improvements

Regaining one’s functional independence post-MI has
been an important goal since the initiation of CR. Increase
in patient functional status was a primary critical observa-
tion and now included as a secondary and even primary
endpoint in many RCT. This has been extremely important
as CR has expanded to include patients with heart failure
and peripheral arterial disease, and also as more patients
with CVD are older and/or frail. One of the first studies
to formally assess functional status was published in 2003
utilizing the well-validated Medical Outcomes Study Short
Form-36 (SF-36) evaluating 700 patients after 6 months
[17, 18]. The authors found that CR after was associated
with significant improvements in physical functioning
as well as adoption of secondary prevention measures.
CR was also found to improve long-term maintenance of
healthy lifestyle including participating in regular exercise
and modifying diet, allowing patient to successfully return
to their prior lifestyles, sometimes even healthier [18]. An
especially frail and vulnerable population post hospital
discharge are the older adult heart failure patients. Car-
diac rehabilitation can be especially important for these
patients as they transition to home. A recently published
study, REHAB-HF, showed that heart failure patients
(both with reduced and preserved ejection fraction) hos-
pitalized for acute decompensated heart failure benefited
greatly with an early, tailored, and individualized CR
intervention. Patients with early CR showed improvements
in Short Physical Performance Battery scores as well as
decreases in hospitalizations [19]. Of note however, this
study was an exercise-only intervention with one-on-one
physical therapy. Additional research is needed evaluating
the expanded multidomain forms of CR accessible today,
and would likely show even greater benefit.
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D. Medication Management

There have been numerous pharmacologic contributions to
the secondary prevention and reduction in cardiovascular
mortality over the last several decades with the addition of
aspirin, P2Y12 inhibitors, beta-blockers, and cholesterol-
reducing medications. Statins alone have been attributed to
reduce mortality by 25-40% after 6 months of use, however
adherence rates are less than 50% at 1 year after initia-
tion [20]. The addition of risk assessments and counseling
components to CR programs has allowed for an important
educational period for patients on adherence of their CVD
medications, leading to important reductions in blood pres-
sure, glucose, and cholesterol [16].

E. Psychosocial Impact

Stress and depression have been identified as substantial
risks for future cardiovascular events, with up to 30% of
the population’s attributable risk of MI linked to stress
[9]. Depression and anxiety also contribute to a significant
amount of morbidity post-MI, occurring in up to 20% of
patients [21]. Fortunately, exercise has been shown to sig-
nificantly reduce stress and depression, as well as improve
quality of life and emotional well-being, and has therefore
been assessed throughout the existence of CR. In contem-
porary CR programs, stress management workshops and
tailored social interventions are also commonly offered to
improve patient outcomes [22].

CR Continued Challenges/Improving Poor
Utilization

A. Shifting Strategies in the CR Process

Early CR was first organized and developed in the inpatient
setting, but with improvements in overall cardiac care and
decreased admission times, expansion beyond the hospital
became an apparent and a growing necessity. In response to
these needs, CR advanced into a three-phase operation in
the 1990s, with phase I still focusing on inpatient care with
early mobilization of the patient and encouraging risk factor
modification and follow-up. Phase II evolved as a supervised
ambulatory outpatient program consisting of 12 weeks of
formalized CR with persistent risk factor reduction as men-
tioned previously. Phase III is conveying the importance and
giving the patient instructions on how to maintain life-long
health and exercise [23]. Despite the rationale for this pro-
cess, it has had some ironic detrimental effects over time.
Phase I of CR largely faded away or was eliminated at many
centers due to shorter length of stay of hospitalizations. The
loss of phase I also had impact on phase II, as the whole
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notion of coming back to the hospital for phase II CR often
seems unnecessary to patients and physicians after state-of-
the-art PCIs and medications have created an impression of
cure. Studies on CR participation have shown that there is a
large lack in systematic referral, especially given competing
demands with family priorities, high costs from copays, and
transportation challenges as additional impediments [24].

New delivery strategies of CR have been used to try and
overcome these barriers. The initiation of home- and other
remote- or home-based formats for CR can sometimes tran-
scend barriers of distance and scheduling conflicts and has
opened new implementation advantages. A recent study in
the VA population showed that when given the opportunity
to choose home-based or a center-based approach, almost
50% preferred the home-based method [25]. Nonetheless,
even with more flexible approaches to CR, enrollment has
not significantly increased. Many patients and providers are
less comfortable with remote-based options, especially due
to concerns about safety, lack of provider contact, and lack
of social interaction with other patients [26]. Limitations in
patient monitoring, and even in the care that is delivered in
remote-based programs, are also key concerns. However,
remote-based CR is rapidly evolving, especially in since
COVID-19 limited the use of on-site programs [27, 28], with
the hope that safety, connectedness, and quality of care can
all be optimized with advancing technology and experience
[29].

B. Difference in Referral

Despite the well-defined and persistent benefit that CR has
on cardiovascular mortality and quality of life, it remains
widely underutilized. Reasons for poor utilization reflect
multiple layers of barriers between the healthcare systems,
patients, and clinician and are likely multifaceted and com-
plex. Notably, rates of underutilization and referral are not
equal across specialties and procedure performed. This has
especially been the case in post-PCI referral in comparison
to post-CABG and valvular surgery referral. In a recent out-
come assessment of hospital level variation in CR referral,
patients post-CABG were referred 91% of the time in com-
parison to only 48% of post-PCI patients [30]. Investigators
speculated this is due to the higher perceived need for CR
after surgery as part of surgical recovery, in comparison to
low perceived need for CR by cardiologists for PCI proce-
dures. In other words, CR was prescribed mostly to catalyze
recovery from the procedural burden of surgery, but not for
fundamental CVD. PCIs are often outpatient procedures
or only one-night hospitalizations, with the tacit messag-
ing from providers to patients that the procedure is so well-
tolerated that there is no need for CR [9]. Nonetheless, the
post-CABG population clearly demonstrates that consistent
and persistent emphasis of CR is possible and associated
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with high patient participation, suggesting that cardiologists
could like due much to improve CR referral after PCI.

C. Referral Inequalities

In addition to post-procedural differences in referral, there
is a large discrepancy in the referral to CR for women,
racial disparities, and older adults. As mentioned previ-
ously, most of the early studies done on CR almost exclu-
sively include middle-aged lower risk men post-MI. In
2014, a meta-analysis showed that women are 36% less
likely to enroll in CR when compared to men [31]. Racial
disparities are especially prevalent with Blacks, Hispanic,
and Asian patients respectively 20%, 36%, and 50% less
likely to receive referral than whites [32]. Arguably one
of the highest risk groups for recurrent CV events is the
older adult population, but their participation in CR has
been found to be less than 13% nationally [33]. In order
to address this problem, many studies are now looking at
new ways to increase enrollment into CR programs. In a
recent Cochrane review of these studies published in 2019,
enrollment was most successful if delivered by face-to-
face encounters and done by healthcare or allied healthcare
professions (physiotherapists) [34ee]. To help implement
these findings, an online version has even been developed
to assist healthcare professionals with discussing CR at
bedside and is being evaluated for its efficacy [34e¢]. How-
ever, to use these tools, there need to be more urgency and
awareness in hospitals, healthcare providers, and entire
health systems to uphold their responsibility of enrolling
patients and relaying the importance of CR in their future
health.

Barriers related to access have substantially affected
enrollment and utilization, including those without transpor-
tation, living in remote areas, and lacking financial resources
and childcare [35]. Even if patients get enrolled, sustain-
ability of engagement due to these barriers has proven to
be significantly restrictive with inflexibility of schedules or
lack of insurance [36]. Although remote options of CR have
been offered as a solution and are increasingly available,
constraints of access to computers and internet or even the
use of technology still create significant barriers.

D. CR Engagement

Enrollment is not the only problem facing CR participation
for patients; maintaining patient engagement in programs
to receive the full benefits is another challenge. Of the less
than 20% referred, less than 20% of those patients com-
plete all 36 prescribed sessions. Whereas reports suggest

that patients who complete more sessions of CR have
better outcomes in a dose-related fashion [37, 38], i.e.,
allowing more time to build exercise capacity and other
wellness benefits. However, these studies may also reflect
a dimension of selection bias, as those who attended the
full 36 sessions may have other relevant characteristics
that affect outcomes than solely differences in the CR ses-
sion participation. Overall, there needs to be more research
evaluating the barriers to why patients are not completing
fully prescribed sessions, as well as more emphasis from
health systems on not only enrollment but maintenance.

Conclusions and Future Directions

Just as overall CVD care has been revolutionized over
the past 100 years, CR has come a long way since it was
initially conceptualized in the early 1900s. From chair
therapy to now a focus on comprehensive lifestyle trans-
formation, CR is an extremely important part of second-
ary prevention in patients with CVD. There are still many
challenges to overcome, including overcoming the per-
ceived lesser importance of its effects among medical
and technological advances, and increasing enrollment
of all ages, financial stability, races, and genders, as well
as reinforcing the importance attending the full treatment
regimens. There is also a great need for standardization
of measuring outcomes and performance across CR stud-
ies. A set of comprehensive Quality Indicators (QIs) was
recently developed in China where CR is also underuti-
lized and is promising to better standardize research [39e].
In the USA, CR has now been added to HEDIS quality per-
formance measures and may even lead to financial entice-
ment to encourage participation. There has also been a
proliferation of NIH grants in CR in the last few years in
order to address the difference in exercise regiments (high
vs. low intensity programs), behavior (of providers and
patients), and disparities of care (gender, race, and age),
as well as technologies (wearables, apps, and other aspects
of virtual care). These are all oriented towards improving
efficacy and implementation, as well as standardization of
CR. Overall, the investment in these grants demonstrates
that there is an implicit affirmation and explicit enhance-
ment of CR as an important part of IHD care.
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