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ABSTRACT: There is broad consensus on the benefits of aerobic exercise training in patients with cardiovascular disease to 
improve cardiorespiratory fitness and lower the risk of adverse cardiovascular events. However, certain high-risk populations 
such as those with frailty, stroke, spinal cord injury, rheumatological conditions, or genetic cardiomyopathies and recipients 
of advanced heart failure therapies or cardiac implantable electronic devices warrant special considerations with regard 
to exercise training. This scientific statement summarizes the present state and future directions of exercise training for 
these high-risk populations, including functional deficits, responses to exercise training, modifications in training programs 
required to maximize safety and efficacy, and knowledge gaps in this field. Key findings common across most of these 
high-risk populations include (1) increased barriers to participation in exercise training at multiple levels; (2) low baseline 
cardiorespiratory fitness, creating heightened need for exercise interventions; (3) modifications to exercise prescription, 
frequently emphasizing strength, balance, and flexibility in addition to aerobic training, as well as accommodations with 
enhanced supervision and specialized equipment as needed; and (4) functional and quality-of-life gains in response to 
appropriately designed exercise programs that match or exceed those in more traditional populations. Future research is 
needed to further develop patient-centered training regimens designed to address the unique and heterogeneous needs 
of these populations, evaluate their impact on clinical and patient-centered outcomes, and advance scalable and equitable 
delivery of exercise therapies proven safe and effective.
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◼ spinal cord injuries

P
rior studies have shown that higher cardiorespi-
ratory fitness (CRF) is associated with greater 
longevity and lower risk of adverse cardiovascu-

lar outcomes, both in apparently healthy populations 
and those with chronic diseases.1–5 For both popula-
tions, exercise training has been shown to be effective 
in improving CRF, mitigating cardiovascular risk factors, 
and improving quality of life.1 Although there is a clear 
consensus on the benefits of regular aerobic exercise for 

patients with cardiovascular and other major disorders, 
individuals with complex, higher-risk chronic diseases 
have a generally low likelihood of participating in such 
activities. For example, patients with frailty, stroke, spinal 
cord injury (SCI), rheumatological conditions, or genetic 
cardiomyopathies and recipients of advanced heart fail-
ure (HF) therapies may be less likely to participate in 
or complete exercise training programs than individuals 
without those conditions.1,6,7
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Among patients with complex, higher-risk condi-
tions, lack of participation in exercise training programs 
is likely multifactorial, due in part to failure of clinician 
referrals to cardiac rehabilitation (CR), patient reluc-
tance or fear of exercise (ie, kinesiophobia), disease-
related exercise limitations, and socioeconomic issues.1 
However, exercise training studies generally show sub-
stantial clinical benefits in these high-risk populations, 
with the greatest relative benefit in those with the low-
est initial fitness levels.2,8 The inclusion of strength, bal-
ance, and flexibility interventions often results in even 
larger benefits in performing daily activities, although 
most training programs do not devote significant time 
to these modalities.

The goals of this scientific statement are to highlight 
the prevalence and functional deficits of the aforemen-
tioned high-risk populations, their responses to exercise 
training, the modifications in training programs required 
to maximize safety and efficacy, and the knowledge gaps 
in this field, with future directions that address these 
gaps. This document is not intended to include all high-
risk populations but rather was developed to assist cli-
nicians in managing such patients and motivate future 
research, particularly for those conditions for which little 
guidance is available.

OLDER ADULTS WITH FRAILTY

Frailty is a syndrome of diminished intrinsic and allostatic 
reserve that manifests across physical, mental, and so-
cial domains. Although many different scales and cri-
teria are available to assess frailty, the most commonly 
used approach to assess physical frailty requires at least 
3 of the following: unintentional weight loss, weakness 
(measured by grip strength), slowness (measured by gait 
speed), low physical activity, and exhaustion.9,10 Although 
frailty can occur throughout a lifetime, prevalence in-
creases dramatically with age, particularly in older adults 
with cardiovascular disease (CVD), in whom the preva-
lence of frailty may reach 60%, depending on the defini-
tion used (Table 1).9 A prime example of a CVD highly 
associated with frailty is HF with preserved ejection frac-
tion. These patients are typically older, are more often 
women, and have multiple comorbid conditions, including 
hypertension, obesity, and diabetes.6 Multimorbidity, sar-
copenia, and cognitive impairment often coexist, wors-
ening prognosis and undercutting capacities for physical 
performance and autonomous daily activity. Although a 
growing body of literature indicates benefits of exercise 
and physical activity to slow and even reverse frailty,44 
implementation requires a distinctive approach.

Figure. Supporting exercise among high-risk populations.

CEP indicates clinical exercise physiologist; CIED, cardiac implanted electrical device; CV, cardiovascular; EP, electrophysiologist; HF, heart failure; 
LVAD, left ventricular assist device; PCP, primary care provider; PMR, physical medicine and rehabilitation specialist; QoL, quality of life, ROM, 
range of motion; and V̇O2, oxygen consumption.
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Hemodynamic improvement after revascularization, 
medical optimization, or valve interventions creates a win-
dow in which patients with frailty may be more capable of 
improving CRF. However, up to 40% of patients report fair 
or poor functional status after such interventions, regard-
less of their technical success,45 suggesting that treating 
CVD alone is insufficient. Randomized trials in hospital-
ized older adults and community-dwelling older adults 
have proven that multicomponent exercise training can 
help prevent or mitigate functional decline (Supplemen-
tal Table).7,46 TARGET-EFT (The Multicomponent Acute 
Intervention in Frail Geriatric Patients With CVD Using the 
Essential Frailty Toolset) and REHAB-HF (Physical Reha-
bilitation for Older Patients Hospitalized for Heart Failure) 
extended such benefits to patients with frailty with acute 
cardiovascular conditions, improving multiple domains of 
physical function (strength, balance, functional mobility, 
endurance), frailty measures (“defrailing”), and postdis-
charge quality of life using simple exercises for mobility 
and lower-extremity strength.44,47 Restoring self-efficacy 
or the confidence and capacity for rudimentary physi-

cal function (strength, balance, endurance) is a key goal 
for patients with frailty, particularly because hospitaliza-
tions tends to exacerbate functional declines. Patients 
with frailty who achieve early, meaningful improvements 
in physical function and self-efficacy after a hospitaliza-
tion are more likely to progress to restore mobility, daily 
activity, CRF, and independence.2 The REHAB-HF trial 
showed that older patients hospitalized for HF derived 
significant functional improvement after a multicompo-
nent exercise program that began in hospital.6,44 Further-
more, the subset with HF with preserved ejection fraction 
had greater functional limitations at baseline than those 
with HF with reduced ejection fraction but experienced 
greater improvement in function as assessed by the 
Short Physical Performance Battery and 6-minute walk 
distance and nominally lower rates of subsequent hospi-
talization or mortality over the 3-month follow-up period.48

Exercise prescriptions for patients with frailty typi-
cally prioritize lower-extremity strength, balance, and 
rapid-force development (ie, brief, purposeful bursts 
to improve transfer ability), which may be essential to 

Table 1. Condition Prevalence and Physiological Deficits

Condition Prevalence

Deficits

Aerobic Strength Balance Flexibility

Frail older 

adults

≈10%–60% in community-

dwelling older adults with CVD, 

depending on specific condi-

tions and assessment tools9

30%–70% reduction in 

peak V̇O2, contributing 

to disability and reduced 

capacity for recovery11

11%–50% reduced strength, 

especially in lower limbs, due 

to sarcopenia and impaired 

neuromuscular function12

Reduced balance in up to 

40%, often compounded 

with cognitive decline and 

visual and sensory deficits

Reduced flexibility 

common, particu-

larly related to spine 

and joint mobility

Stroke ≈7 million adults in the 

United States with prior stroke 

≈795 000 stroke incidence/y13

Decreased peak V̇O2 to 

26%–87% that of healthy 

adults14

Muscle weakness due to 

hemiparesis or paresis in 

≈65%15

Balance deficits in up to 

83%16

Reduced flexibility 

with spasticity in 

≈26%17

SCI 253 000–378 000 in the United 

States18:

incomplete tetraplegia 48%, 

incomplete paraplegia 20%,  

complete tetraplegia 12%,  

complete paraplegia 20%

Peak V̇O2 averages 15–

20 mL·kg−1·min−1, lowest 

in complete tetraplegia3

Proportional to level and 

completeness of injury19

Potential for balance 

deficits to affect exercise 

for those with incomplete 

injuries not wheelchair 

dependent

Not available

Severe 

arthritis

24% of US adults, including 

>50% of adults ≥65 y of age20

Not available Not available Not available Fixed joint deformi-

ties occur with se-

vere and late-stage 

disease

HTx >5000 worldwide in 202321
Peak V̇O2 (after HTx) 

20–30 mL·kg−1·min−1 22

Reduced muscle mass, 

muscle strength, and muscle 

endurance, often related to 

degree of HF before HTx23,24

Not available Not available

LVAD ≈2500 LVADs/y25
Peak V̇O2 10–20 

mL·kg−1·min−1 26,27

Not available Not available Not available

CIEDs 3 million Americans with pace-

makers and ≈800 000 have 

ICDs28; 100 000–300 000 new 

implantations annually13

Peak V̇O2 10–20 

mL·kg−1·min−1 29–37

Not available Not available Not available

Inherited 

cardiomy-

opathies

HCM: ≈1:500 individuals38; 

ACM: ≈1:5000 individuals39; 

Channelopathy: ≈1:1000  

individuals40

Preserved among patients 

with normal LV function 

Reduction in peak V̇O2 

proportional to ventricular 

dysfunction41

Skeletal muscle atrophy, 

weakness, and reduced 

endurance proportional to 

severity of HF42

Lightheadedness or or-

thostatic intolerance from 

arrhythmias or reduced 

ventricular function43

Not available

ACM indicates arrhythmogenic cardiomyopathy; CIED, cardiac implantable electronic device; CVD, cardiovascular disease; HCM, hypertrophic cardiomyopathy; HF, 
heart failure; HTx, heart transplantation; ICD, implantable cardioverter defibrillator; LV, left ventricular; LVAD, left ventricular assist device; SCI, spinal cord injury; and V̇O2,  
oxygen consumption.
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Table 2. Training Modifications and Outcomes

Condition Key training modifications Outcomes Delivery method

Evidence 

grade*

Older 

adults with 

frailty

Multicomponent interventions emphasizing strength, aerobic, 

flexibility, and balance exercises with structured progression49

Strength and balance training often need to precede aerobic 

modalities to achieve sufficient capacity and for safety

Emphasis on unsupported standing training, over-ground am-

bulation, and plyometric-type exercise for greater translational 

gain Individually tailored Nutritional supplementation (protein 

dense)50

Aggregate, holistic care coordination

Improved:

  Strength

 Balance

 Walking distance and endurance

 Health-related QoL

 Self-efficacy

Decreased:

 Frailty

 Disability

 Hospitalizations

 Mortality

Therapist supervised 

1:1 multicomponent 

rehabilitation

Home-based,  

function-stratified mul-

ticomponent exercise

Physical 

function, 

QoL: 

strong

Clinical 

outcomes: 

moderate

Stroke Aerobic exercise8,51

40%–70% of HR reserve; 55%–80% HR maximum; Borg 

RPE of 11–14

  3–5 d/wk, 20- to 60-min sessions

  Cycle ergometer may need modifications; assisted treadmill 

walking

Resistance training

  1–3 sets of 10–15 repetitions of 8–10 exercises involving 

the major muscle groups at 50%–80% of 1RM 2–3 d/wk

  Machine vs free weights vs bands, seated vs standing

Flexibility training

  10- to 30-s hold for static stretching: 2–4 repetitions

  2–3 d/wk (before or after aerobic or strength training)

Improved52–55:

  CRF

 METs

 Peak V̇O2

 Physical function

 Ambulation

 Balance

  Upper- and lower-extremity muscle strength

 Cardiovascular risk factor profile

 Reduced systolic blood pressure

 Reduced fasting glucose

 Reduced fasting insulin

 Increased HDL cholesterol

 Cognitive function

 QoL

Supervised group or 

1:1 sessions

Moderate

SCI Injury defines training modalities available

Complete paraplegia and tetraplegia: resistance arm exercise, 

aerobic arm exercise, and aerobic arm+lower-body electrical 

stimulation exercise

Incomplete paraplegia and tetraplegia: body weight–supported 

exercise training may be used

Increased peak V̇O2

Potential increases in lean mass and insu-

lin sensitivity

No improvements in cardiovascular bio-

markers, blood pressure, cardiac struc-

ture/function

Supervised  

home-based and  

rehabilitation- 

associated exercise 

programs

Adaptive sports pro-

grams

Moderate

Severe 

arthritis

Occupational therapist, physical therapist, or exercise physi-

ologist evaluation of exercise limitations, development of indi-

vidualized modifications, and supervision of training initiation

RA: improved peak V̇O2,56,57 strength,56,57 

pain,56,58 physical function,56,58 QoL,59,60 

inflammatory disease activity,61–63 cardio-

vascular risk64–66

Osteoarthritis: improved peak V̇O2,67 

strength,68 pain,58,69 function,58,69 QoL69

Supervised 1:1 and 

group settings (both 

in person and virtual)

RA: mod-

erate to 

strong

Osteo-

arthritis: 

strong

HTx2–24,70–75 Moderate-intensity (Borg RPE 12–15) to high-intensity (Borg 

RPE 16–18) aerobic exercise

Strength training

Intensity should be individually tailored according to time from HTx

Ensure sufficient time for warm-up and cooldown due to 

blunted HR response

Improved peak V̇O2

Improved muscle strength and vascular 

function

Improved health-related QoL

Facilitated partial reinnervation and im-

proved HR exercise response

1:1 if needed for se-

verely deconditioned 

patients

Group-based CR 

sessions

Strong

LVAD Familiarization of CR staff with device, device alarms (eg, low-

flow alarms), and its peripheral equipment

Stabilize external driveline during exercise

Difficulty in measuring vital signs given pulseless circulation

Requires electrocardiographic monitoring and Doppler to mea-

sure blood pressure76

Maintain mean artery pressure 70–90 mm Hg

Improved peak V̇O2

Decreased LVAD hospitalizations

Improved QoL77

Supervised group or 

1:1 sessions

Limited

(Continued)
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minimize fall risk before aerobic modalities are feasible or 
safe (Table 2).44 Prescriptions should be tailored to func-
tional status with the use of performance measures such 
as the Short Physical Performance Battery to stratify 
patients and guide progression.49 Exercise training work-
loads that would be considered low intensity for more fit 
individuals are often perceived and physiologically expe-
rienced as high intensity in patients with frailty. Initially, 
body weight resistance exercises and slow-movement 
aerobic exercises may be the most that can be tolerated, 
but they are still sufficient to achieve meaningful training 
gains that may exceed those of less frail individuals.6,84 
Aerobic training often must start with short bouts of exer-

cise, with progressive increases in frequency and duration 
as tolerated before intensity or speed is increased. Nota-
bly, although many CR programs commonly default to 
recumbent devices for frail adults, with the rationale that 
they are safe and reassuring to patients (and staff), the 
CR core components emphasize the importance of resis-
tance and balance training,1 with corroborating studies 
highlighting the utility of unsupported standing training, 
over-ground ambulation, and plyometric-type exercises 
like step-ups for greater translational gain.85,86

Home training programs such as Vivifrail and super-
vised center-based programs such as REHAB-HF 
exemplify programs of progressive resistance, balance, 

Condition Key training modifications Outcomes Delivery method

Evidence 

grade*

CIEDs29–37 ICD: 

  Majority of exercise trials done in supervised CR

 Most training done at 60%–80% of peak V̇O2

  Maintain exercise HR 20 bpm below lowest shock (ATP or 

shock) zone

  Maintain target HR threshold below ischemic threshold

Pacemaker: 

  Program on rate-response feature and adjust as needed to 

support exercise.

  Use higher upper rate limit (dual chamber) to retain biven-

tricular pacing with CRT-D

Both: 

 Monitor HR using telemetry or HR monitor

  Perform exercise training test before starting to evaluate for 

arrhythmias; use 220−age to derive maximum HR if exercise 

test not available

  Ensure cooldown period for return to resting HR

  Caution for upper-body arm movements for the first 8 wk 

after initial implantation

ICD:

  Increased peak V̇O2

 Increased 6MWD

 Mixed results for QoL

 Anxiety and depression may be reduced

  Death, hospitalizations not increased 

with exercise

 ICD shocks and ATP not increased

Pacemaker:

 Increased peak V̇O2

 Increased resting LVEF with CRT

Outpatient CR or 

home exercise

Strong

Inherited 

cardiomy-

opathies

HCM:

  Determine presence/absence of HF symptoms78

  Moderate-intensity exercise for patients with NYHA class 

I–III HF symptoms78

  Limited/no exercise training for patients with NYHA class IV 

HF symptoms79

ACM:

 Avoid intense exercise80

 Avoid frequent exercise

Long-QT syndrome:

  Ensure medical therapy is optimized (eg, use of β-blocker, 

ICD)81

HCM:

  Increased peak V̇O2
82

  No signal of harm with moderate- or 

high-intensity exercise82

ACM:

  Criteria for diagnosis increased with 

history of higher exercise duration and 

intensity83

  Rate of ventricular arrhythmias increase 

in proportion to exercise duration and 

intensity

Long-QT syndrome:

  No signal of harm for medically opti-

mized patients81

HCM: supervised 

group sessions

ACM: intense and 

frequent exercise dis-

couraged

Long-QT syndrome: 

supervised group 

sessions

Moderate

Suggested training modifications and outcomes for the individual conditions reviewed and overall strength of evidence (limited, moderate, strong) for exercise interven-
tions for each condition. 

1RM indicates maximum resistance lifted; 6MWD, 6-minute walk distance; ACM, arrhythmogenic cardiomyopathy; ATP, antitachycardia pacing; CIED, cardiac implant-
able electronic device; CR, cardiac rehabilitation; CRF, cardiorespiratory fitness; CRT, cardiac resynchronization therapy; CRT-D, cardiac resynchronization therapy–de-
fibrillation; HCM, hypertrophic cardiomyopathy; HDL, high-density lipoprotein; HF, heart failure; HR, heart rate; HTx, heart transplantation; ICD, implantable cardioverter 
defibrillator; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; MET, metabolic equivalent; NYHA, New York Heart Association; QoL, quality of life; 
RA, rheumatoid arthritis; RPE, Rating of Perceived Exertion; SCI, spinal cord injury; and V̇O2, oxygen consumption.

*Evidence grade at time of publication.

Table 2. Continued
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and interval walking matched to baseline capacity that 
have successfully improved physical function and quality 
of life in older adults with frailty.44,85 Adequate exercise 
supervision and care alignment with comorbid condi-
tions and medications are also critical factors in ensur-
ing safety, progression, and adherence. For older adults 
with frailty, exercise training is potentiated by protein-rich 
foods or supplements, targeting a daily intake of 1.5 g/
kg body weight, to optimize muscle strengthening.50

Although CRF is usually regarded as the gold stan-
dard physiological assessment for patients with CVD, 
this benchmark becomes less practical and relevant for 
patients with frailty. Assessments of strength, balance, 
and submaximal endurance both are more feasible and 
provide greater utility for such functionally limited individu-
als. Sit-to-Stand repetitions, Timed Up and Go, and the 
Short Physical Performance Battery are among the tests 
that are useful to quantify lower-extremity strength and 
balance, particularly because these are more strongly 
linked to functional independence than cardiopulmonary 
exercise test. For those with greater CRF, endurance and 
mobility for everyday activities are more accurately mea-
sured with 6-minute walk distance or 400-m corridor walk 
than by cardiopulmonary exercise test. Serial testing with 
these instruments and patient-reported quality of life (eg, 
EQ-5D or Kansas City Cardiomyopathy Questionnaire) 
can be used to evaluate clinical changes. Given the role 
of sarcopenia and sarcopenic obesity as contributors to 
physical frailty and suboptimal responsiveness to train-
ing, assessments of muscle mass and body composition 
should be considered, assessed with upper-arm circum-
ference, dual-energy x-ray absorptiometry, or computed 
tomography.12 Moreover, assessments of basic and instru-
mental activities of daily living, together with cognition and 
mood, should be considered with brief screening tools to 
expose limiting factors beyond physical functional status.

In summary, exercise training for patients with frailty 
and CVD begins with a pragmatic, multidimensional 
assessment; progresses through individualized, multi-
component prescription; and targets outcomes that res-
onate with older adults, often enabling them to reclaim 
roles, routines, and self-efficacy.87

STROKE

Annually, >795 000 individuals in the United States expe-
rience a stroke, and ≈50% of stroke survivors have signifi-
cant long-term disabilities (Table 1).13 Patients with stroke 
demonstrate significant impairments in balance, mobility, 
strength, coordination, and cognitive function, as well as 
decreased CRF, exhibiting ≈60% of age- and sex-related 
normative values for sedentary healthy adults.88 Conse-
quently, they engage in less than half the recommended 
physical activity for their age group and spend ≈80% of 
their time sedentary.8,89 Considering the substantial ben-
efits that exercise training can provide, there is little rea-

son to exclude it from rehabilitation strategies for most 
stroke patients once they are medically stable, regardless 
of stroke severity.8,52,89 Engaging in physical activity after a 
stroke is associated with a significantly lower risk of sub-
sequent myocardial infarction compared with a sedentary 
lifestyle.90 In addition, participation in a moderate-intensity 
aerobic exercise program has been shown to decrease 
all-cause readmission rates and mortality.53,54

The American Heart Association and American Stroke 
Association endorse physical activity and exercise for 
stroke survivors throughout all phases of recovery to aid 
with the restoration of function, secondary stroke pre-
vention, and reduction of cardiac events.8 Current Ameri-
can Heart Association/American Stroke Association 
exercise guidelines for stroke patients recommend incor-
porating regular aerobic exercise (moderate intensity, 
lasting 20–60 minutes, 3–5 times a week), resistance 
training, flexibility exercises, and neuromuscular training 
into poststroke rehabilitation programs (Table 2).8,51,91 
However, stroke patients generally do not participate in 
these activities because of a lack of funding and program 
availability. Furthermore, current stroke rehabilitation pro-
grams provide only ≈3 minutes of low-intensity aerobic 
exercise per session.8

Many stroke survivors present with significant deficits, 
including hemiparesis, balance deficits, cognitive impair-
ment, fatigue, speech impediments, attention deficits, 
and impulsivity, in addition to underlying CVD. The timing 
of initiation, rate of progression, and associated param-
eters of exercise training depend on neurobiological (ie, 
cerebral autoregulation, ischemic penumbra, hemor-
rhagic stroke parameters) and cardiovascular recovery 
and should be individualized to account for the unique 
deficits and comorbidities of each patient.92

Before an exercise program is initiated, obtaining 
medical clearance from a clinician is the essential first 
step to ensure that the program is safe and suitable 
for the patient’s needs. A symptom-limited or submaxi-
mal exercise test should be considered before engag-
ing in higher-intensity exercise. Accommodations for the 
physical impairments of stroke patients are essential for 
safe and effective participation. For hemiplegia or bal-
ance issues, seated equipment such as a recumbent 
cross-trainer or cycle ergometer should be used. Leg 
stabilizers, hand mitts, and torso belts may be needed 
for some patients to provide additional support. A har-
ness apparatus, balance bars, or partial weight support 
systems can be incorporated for treadmill exercise to 
reduce the risk of injury. When strength training is incor-
porated, exercises should be selected to prevent exces-
sive blood pressure increases and avoid the Valsalva 
maneuver. For stroke patients with speech or cognitive 
deficits, individualized methods to track pain and rate 
perceived exertion may be needed. Patients with dyspha-
gia require close supervision for pulmonary status and 
oxygen saturation, and regular blood glucose checks are 
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needed for patients with diabetes. In addition, immediate 
access to emergency medical response should be avail-
able during exercise for high-risk individuals. Research 
indicates that stroke patients can effectively engage in 
aerobic exercise programs in both group and individual 
settings.91,93 However, patients with more severe impair-
ments may benefit from a personalized approach based 
on their physical capabilities. The exercise format should 
be guided by the severity of the patient’s neurological 
and cardiac issues, the timing of exercise initiation, and 
the intended mode and intensity of exercise.94

The acute poststroke phase is a critical and dynamic 
period for physiological recovery, requiring careful atten-
tion for cardiovascular and neurological stability, including 
resting blood pressure, cerebral autoregulation, blood-
brain barrier function, the ischemic penumbra, and any 
hemorrhagic complications. Current evidence supports a 
phased approach to physical activity after stroke in which 
patients may begin light-intensity aerobic exercise within 
30 days after stroke, progress to moderate-intensity  
exercise by 3 months, and advance to high-intensity 
exercise thereafter as appropriate, according to recov-
ery and health status.92 Research indicates that at least 
8 weeks of exercise training is required for meaningful 
improvements, and ongoing physical activity is essential 
to maintain these benefits.91 Exercise training, including 
aerobic and strength training and walking-based inter-
ventions, results in significant improvements in CRF, 
physical function (gait speed, walking distance, muscle 
strength, balance), cognitive function, and cardiometa-
bolic profile (blood pressure, lipids, glycemic control) 
among stroke survivors (Supplemental Table).52,89

Aerobic exercise programs can be implemented in a 
range of settings such as outpatient clinics, community 
centers, and private residences. It is essential for high-
risk individuals to have immediate access to emergency 
medical services. For patients at lower risk, home-based 
or virtual delivery programs can serve as a safe and 
effective alternative, depending on the mode and inten-
sity of the exercise. In the United States, aerobic exercise 
programs are not currently funded for patients recover-
ing from stroke despite evidence to support their benefit 
in this population.

SPINAL CORD INJURY

More than 18 000 SCI cases occur in the United States 
each year, and >300 000 individuals live with an SCI 
(Table 1).18 Most often, SCI has no antecedent, occur-
ring through accident or unrecognized pathology. It oc-
curs across the life span without specificity, except that in 
young male individuals, it is more often due to traumatic 
injuries.

Without predisposing risk factors, the most impor-
tant predictor of future health is the SCI lesion itself. 
Lesion level and severity determine functional impact: 

musculoskeletal paralysis, pulmonary insufficiency, 
cardiac limitations, and autonomic dysfunction, among 
others.18 Hence, exercise interventions are critical to 
maximize function and maintain long-term health. The 
loss of muscle function and ensuing immobility typi-
cally result in a sedentary lifestyle that is difficult to 
overcome. Early access to appropriate forms of exer-
cise is critical. However, individuals with SCI partici-
pate in exercise less than their able-bodied peers, and 
only 12% to 30% meet population-specific exercise 
guidelines.19,95 As a result, individuals with SCI have 
high rates of cardiovascular and metabolic disease,19 
underscoring the need for regular exercise as a lifelong 
habit.

CRF decreases with higher and more complete 
SCIs (eg, cervical complete versus lumbar incomplete 
lesions). As a result, individuals with incomplete para-
plegia may be able to achieve aerobic exercise recom-
mendations designed for the able bodied but require 
greater focus on balance and strength. In contrast, those 
with higher-level SCI often require significant training 
modifications to achieve even population-specific aero-
bic exercise recommendations (Table 2).18,19 Across all 
levels of injury, resistance training is recommended to 
improve strength and balance, with the broad consen-
sus of 2 to 3 training sessions per week. Aerobic exer-
cise training sessions range from 2 to 5 sessions per 
week at moderate to vigorous intensities for a total of 
40 to 300 minutes of exercise (Table 2).19 The optimal 
intensity can be difficult to ascertain because heart rate 
is an inadequate guide for exercise intensity in those 
individuals with injuries causing chronotropic incompe-
tence. Therefore, perceptually based intensity has been 
suggested (eg, 10–11 on a 20-point scale or 2–3 on 
a 10-point scale). Meta-analyses suggest that across 
aerobic exercise training trials, typically lasting 6 to 12 
weeks, the average improvement in peak V̇O2 is ≈3 
mL·kg−1·min−1, a substantial improvement given the low 
pretraining peak V̇O2 in this population, with baseline 
values averaging 18 mL·kg−1·min−1 in otherwise young, 
healthy individuals.3 However, aerobic exercise training 
over 6 to 24 weeks may not affect body composition or 
metabolic function and does not appear to alter CVD risk 
factors (Supplemental Table). Predicting the effects of 
aerobic exercise training in SCI is difficult in the context 
of nonstandardized exercise testing/intervention proto-
cols, patient heterogeneity (eg, incomplete paraplegia 
versus complete tetraplegia, time since injury, age, sex), 
and sparse research on high-intensity interval training 
(HIIT).96 Higher volumes and greater intensities of exer-
cise than recommended,19 perhaps through whole-body 
hybrid electrical stimulation and initiated subacutely 
after injury, are likely to result in the greatest improve-
ments in exercise capacity and CVD risk factors.3,96

To initiate exercise without specialized equipment, 
individuals with SCI should perform low-intensity,  
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short-duration seated or wheeling activities 2 to 3 times 
per week, with time and intensity increasing gradually 
with perceived exertion used as a guide. Proper seated 
positioning (if necessary); slow, controlled movements; 
and light resistance should be used, and exercise 
should be discontinued if significant symptoms (eg, 
dizziness, chest pain, or disproportionate shortness of 
breath) arise.

SEVERE ARTHRITIS

Severe arthritis is characterized by joint pain, stiffness, 
swelling, and joint deformities that substantially limit daily 
function. Approximately 24% of US adults and >50% of 
adults ≥65 years have arthritis, with 44% of those re-
porting activity limitations constituting severe arthritis.20 
Among the many types of arthritis, osteoarthritis and 
rheumatoid arthritis (RA) are most common. Adults with 
severe arthritis are more likely to have poor health, over-
weight/obesity, psychological distress, low education and 
income, and disabilities preventing employment.20 Fur-
thermore, compared with the general population, adults 
with RA are almost twice as likely to develop CVD.97 
Arthritis is associated with reduced CRF (peak V̇O2), 
endurance, strength, flexibility, and physical function. In 
a study of 404 older patients with knee osteoarthritis, 
71% women (age, 68±10 years), mean peak V̇O2 was 
17 mL·kg−1·min−1.98 Among 67 patients with RA, 64% 
women (age, 53±10 years), lower-extremity strength 
was 65% to 75%, and estimated peak V̇O2 was 80% 
that of matched controls.99 Fortunately, arthritis-related 
pain and physical function can be improved with exercise 
training.58

For RA, clinical guidelines strongly recommend 
regular exercise to improve CRF, strength, and physi-
cal function and reduce pain (Table 2).56 Improve-
ments in CRF and strength occur regardless of age 
and severity of functional deficits with minimal adverse 
events.57,59,100 Multiple types of exercise programs 
improve physical functioning, including combined aer-
obic and resistance training (with and without flexibil-
ity and neuromuscular exercises) and aquatic exercise, 
with water providing movement resistance (Supple-
mental Table).57,61,62 Aerobic exercise training, with 
and without resistance training, reduces fatigue.101–103 
Aquatic exercise, resistance training, and combined 
aerobic and resistance training reduce RA inflam-
matory disease activity (eg, Disease Activity Score 
for 28 Joints).61–63 For example, meta-analyses show 
that resistance training improves the Disease Activ-
ity Score for 28 Joints (standardized mean difference, 
−0.69 [95% CI, −1.26 to −0.11]).63 Furthermore, com-
bined aerobic and resistance training with or without 
HIIT improves multiple measures of CVD risk, includ-
ing peak V̇O2, blood pressure, triglycerides, high- 
density lipoprotein cholesterol, and endothelial  

function (Supplemental Table).64–66 Although both aer-
obic training and resistance training reduce fat mass, 
resistance training may provide superior fat reduction, 
along with increases in lean mass.60 Although HIIT 
interventions improve CRF, HIIT alone provides mini-
mal improvements for inflammatory disease activity or 
traditional CVD risk factors (eg, lipid profiles and blood 
pressure) among patients with RA.104

For individuals with osteoarthritis of the hip or knee, 
meta-analyses support that multiple types of exercise 
training interventions improve osteoarthritis pain, func-
tion, physical performance, and quality of life with mini-
mal adverse effects (Table 2).69 Exercise effects for 
osteoarthritis pain reduction and functional improve-
ment are similar in magnitude to those resulting from 
standard pharmacological therapy.105 Strength train-
ing is a key part of knee osteoarthritis treatment, with 
lower-extremity strength increases underlying improve-
ments in self-reported function and pain.106 Although 
prior osteoarthritis recommendations focused on non–
weight-bearing exercise, both non–weight-bearing 
and weight-bearing strength training improves pain 
and function, with weight-bearing exercise offering 
potentially greater benefits in quality of life with fewer 
adverse events.107

Guidelines for specific amounts and intensities of 
exercise for patients with arthritis are based on expert 
opinion and typically follow those for the general popu-
lation and older adults; randomized controlled trials of 
specific modifications are lacking (Table 2). Patients 
with severe arthritis should be evaluated by a physical 
therapist or a clinical exercise physiologist to discern 
activity limitations, develop modifications as needed, 
and provide a period (eg, 3 months) of supervised 
exercise training. Regardless of arthritis type or sever-
ity, exercise training individualized according to func-
tional limitations should be a key component of arthritis 
management. Individuals without access to specialized 
equipment or supervision are encouraged to perform 
enjoyable, pain-free activities such as walking, cycling, 
and aquatic exercises that promote CRF, balance, and 
mobility with low risk of injury.

CARDIAC IMPLANTABLE ELECTRONIC 

DEVICES

More than 3 million Americans live with pacemakers, 
and ≈800 000 have implantable cardioverter defibrilla-
tors (ICDs),28 with 100 000 to 300 000 new implanta-
tions each year (Table 1).13 Peak V̇O2 in this population 
is highly variable although low at 17.4 mL·kg−1·min−1 on 
average.29–37,108 Multiple studies have shown that aero-
bic exercise training after receipt of an ICD or cardiac 
resynchronization therapy pacemaker or defibrillator 
is effective at improving CRF with few ICD shocks or 
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antitachycardia pacings, deaths, or hospitalizations (Sup-
plemental Table).109–114 However, many ICD recipients 
are reluctant to participate in vigorous physical activity 
for fear of activating arrhythmias and ICD shocks.

Pacemaker recipients require careful monitoring of 
their heart rate response to exercise and possible pace-
maker adjustments to ensure appropriate response. 
Approximately 3000 individuals with cardiac implantable 
electronic devices (CIEDs) have participated in struc-
tured clinical trials of exercise interventions.114,115 These 
trials have included mostly men with an average age of 
≈60 years. Although the majority of programs were con-
ducted within a supervised outpatient exercise center, 
3 studies of home exercise have been completed,32,35,36 
with all reporting improvements in CRF similar to those 
of supervised programs.109–115 The mode of exercise pre-
scribed is typically cycling or walking for 30 to 60 min-
utes on 3 to 5 d/wk at 60% to 80% of maximal heart 
rate for a minimum of 6 weeks (Table 2). Peak V̇O2, as 
measured by cardiopulmonary exercise test, improved 
by 2 mL·kg−1·min−1 (range, 0–2 mL·kg−1·min−1) on aver-
age among individuals with CIEDs following a structured 
exercise program.109–116 Despite demonstrated improve-
ments in CRF, the impact of exercise on quality of life, 
psychological adjustment, patient-centered outcomes, 
and other biomarkers is rarely reported for individuals 
with CIEDs. Little has been written about the techniques, 
protocols, costs, and expert knowledge needed to bring 
exercise training to larger populations with CIEDs.

For patients with ICDs initiating an exercise program, 
a symptom-limited exercise test is recommended before 
exercise to monitor for cardiac arrhythmias.117–119 The 
ICD should be deactivated during the exercise test to 
prevent ICD shocks. Thereafter, exercise should be pre-
scribed to achieve a peak heart rate at least 10 to 15 
bpm below the ICD activation rate to avoid delivery of 
ICD therapies (shocks or antitachycardia pacing) dur-
ing exercise. Heart rate should be tracked and recorded 
with each exercise session, noting the highest heart rate 
achieved during exercise and ensuring ongoing safety in 
performing the specific exercise type. For patients pre-
scribed medications that act at the sinus or atrioventricu-
lar node (eg, β-blockers), it is recommended that these 
be taken 1 to 2 hours before exercise.

For patients with pacemakers, including those with 
an ICD, the following adaptations are recommended 
to maximize performance and comfort.117–119 First, the 
rate-response feature should be turned on, and the 
upper tracking rate should be set to a heart rate that 
the patient can achieve while exercising. Second, heart 
rate and symptoms should be tracked and recorded with 
each exercise session, ensuring that the heart rate rises 
with increasing levels of exertion. Last, if the heart rate 
achieved during exercise is inappropriate (ie, too fast or 
too slow), the rate-response feature on the pacemaker 
should be adjusted accordingly.

ADVANCED HF

Left Ventricular Assist Devices

Although HF remains epidemic in the United States, 
only 2512 left ventricular assist devices (LVADs) were 
implanted in 2022, representing ≈3% of patients with 
stage D HF (Table 1).25 With improvements in technol-
ogy, continuous-flow LVADs have significantly increased 
survival, with current 1- and 5-year survival rates of 86% 
and 64%, respectively.25 Most patients are supported 
with intravenous inotropic therapy, temporary mechani-
cal circulatory support, or a combination of inotropic 
therapy and temporary mechanical circulatory support at 
the time of LVAD implantation. Thus, these patients are 
often immobile, frail, and malnourished in the immediate 
postoperative period. After device implantation, they re-
quire intensive in-hospital physical therapy and medical 
optimization before ambulatory CR or other exercise in-
terventions can begin.76

CRF for patients supported with an LVAD is limited 
by right ventricular dysfunction, pulmonary hypertension, 
anemia, residual skeletal muscle abnormalities, chrono-
tropic incompetence, inability of the LVAD to respond 
to increased workloads, and sensitivity of the LVAD to 
increased afterload during exercise.26 Peak V̇O2 remains 
depressed in the range of 11 to 20 mL·kg−1·min−1, and 
native left ventricular contractility frequently provides a 
significant contribution to peak exercise performance.26

The general approach to CR in patients with an LVAD 
includes supervised aerobic (bicycle or treadmill) exer-
cise at 50% to 70% of peak V̇O2, 60% to 80% of heart 
rate reserve, or Borg Rating of Perceived Exertion at 11 
to 13 for those who are paced for 20 to 30 minutes, 
combined with strength training of limb muscles with 2 
to 3 sets of 10 to 15 repetitions at 50% of maximum vol-
untary contraction.120 There are also reports of HIIT with 
3 to 4 minutes at 80% to 90% of peak V̇O2 followed 
by moderate-intensity exercise (50% peak V̇O2).121 
There is no formal LVAD guideline recommendation for 
CR, although guidance exists from the American Asso-
ciation of Cardiovascular and Pulmonary Rehabilitation 
and American College of Sports Medicine. Because all 
patients with LVAD have severe HF, however, insurance 
coverage for CR is provided on that basis. An analysis 
of 2014 Medicare beneficiaries who received an LVAD 
revealed that 30% of 1164 such patients underwent CR. 
These patients had 23% lower first-year hospitalizations 
and 47% lower mortality rate after multivariable adjust-
ment than those not participating in CR.122 Although there 
are few randomized CR trials of patients with LVAD,77 
most studies have shown a significant increase in peak 
V̇O2 of 10% to 40% with endurance exercise with or 
without strength training, although this increase has not 
been consistently greater than improvement in peak 
V̇O2 in the usual-care arm (Supplemental Table).77,123–129 
Furthermore, CR has been shown to be safe in these 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6

https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000001456
https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000001456
https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000001456


C
LI

N
IC

A
L 

S
TA

TE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LI

N
E
S

TBD TBD, 2026 Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456e10

Fleg et al Exercise Training in High-Risk Populations 

patients, with the most common adverse events being 
arrhythmias.76

Monitoring of patients with an LVAD during CR or 
structured exercise requires familiarity with the LVAD 
and its peripheral components (ie, external batteries, 
controller, driveline, device alarms, and power base units; 
Table 2). Exercise should not be performed in the setting 
of low-flow alarms for which the differential diagnosis 
includes hypertension, hypovolemia, right ventricular fail-
ure, bleeding, arrhythmias, pump failure, obstruction, or 
pulmonary embolus. The presence of these alarms should 
be reported to the clinical care team. Continuous-flow 
LVADs produce a pulseless circulation for which heart 
rate and blood pressure monitoring is challenging. Elec-
trocardiographic monitoring is needed to detect arrhyth-
mias, and Doppler measurement is required to ensure a 
resting mean arterial pressure of 70 to 90 mm Hg, with 
exercise contraindicated with a mean arterial pressure 
>90 mm Hg In summary, exercise training in patients 
with LVAD begins with early mobilization with physical 
therapy in hemodynamically stable, ambulatory patients 
who can easily manage device peripheral components.130 
Formal CR usually begins after wound healing 8 to 12 
weeks after LVAD implantation. Exercise prescriptions 
should be individualized by the clinical exercise physiolo-
gist and physician, depending on the type of device, time 
since implantation, and patient age and comorbidities. 
Group or individual training can be performed. A baseline 
6-minute walk test or cardiopulmonary exercise test may 
be helpful to guide the initial exercise prescription.

Heart Transplantation

There has been recent growth in heart transplantation 
(HTx) procedures, with >4000 adult HTx procedures 
performed in the United States and 5887 globally in 
2023 (Table 1).21 Median survival exceeds 13 years for 
recipients who survive the first year after HTx.21 Exercise 
responses after an HTx are significantly altered because 
of physiological changes resulting from surgery and the 
long-term effects of immunosuppressive therapy. The 
transplanted heart is initially decentralized (often referred 
to as denervated), lacking autonomic nervous system in-
put. This leads to elevated resting heart rate (typically 
90–110 bpm), blunted heart rate response during ex-
ercise (chronotropic incompetence), and delayed peak 
heart rate, often occurring during recovery rather than at 
peak exertion.23,70 Most HTx recipients experience some 
degree of reinnervation and improvement of chronotropic 
response in the months to years after HTx but to a vari-
able extent.23

Despite improved quality of life after HTx, CRF among 
HTx recipients often remains reduced, with peak V̇O2 
20% to 50% below expected even after CR.71 Causes 
include chronotropic incompetence, diastolic dysfunc-
tion (ie, impaired ventricular filling limiting stroke volume) 

resulting from ischemia at the time of HTx, and periph-
eral limitations such as muscle atrophy, endothelial dys-
function, and reduced capillary density. Long-term use 
of immunosuppressive therapy such as corticosteroids 
and calcineurin inhibitors can also contribute to muscle 
weakness and myopathy, as well as weight gain and met-
abolic syndrome, further reducing exercise tolerance.23,71

Exercise training receives a Class IB recommenda-
tion after HTx72 and can improve many of these negative 
physiological effects and potentially support sympathetic 
reinnervation and improve exertional heart rate response 
over time (Table 2).22 Moderate-intensity aerobic exer-
cise and strength training have been shown to improve 
peak V̇O2 and other measures of CRF, enhance mus-
cle strength and vascular function, and improve health-
related quality of life.70 In 2017, a pooled analysis of 9 
studies showed an average gain of 2.5 mL·kg−1·min−1 
(95% CI, 1.6–3.4) in the exercise groups compared 
with controls.70 A more recent meta-analysis from 2023 
showed an average gain of 3.0 mL·kg−1·min−1 (95% CI, 
2.3–3.8) favoring the exercise groups.73 Furthermore, 
subanalyses from 2 meta-analyses have shown that HIIT 
is superior to moderate-intensity continuous exercise in 
increasing peak V̇O2.73,74 Over the past decade, HIIT has 
been shown to be safe and beneficial among HTx recipi-
ents, with improvements in peak V̇O2 exceeding those 
from moderate-intensity aerobic exercise (Supplemental 
Table).22 Both aerobic exercise and strength training are 
recommended for all stable patients receiving HTx and 
should be adjusted according to risk stratification and 
time since HTx. No specific equipment is required. Core-
strengthening exercises are an appropriate starting point. 
Brisk walking on flat ground or slightly uphill and climb-
ing stairs are effective aerobic activities. Exercise inten-
sity should always be individualized. A heart rate monitor 
may be useful in guiding optimal intensity based on the 
individual’s peak heart rate, along with the Borg Rating 
of Perceived Exertion scale (Table 2). Sufficient warm-up 
is essential before any exercise sessions because of the 
delayed heart rate response. Individually tailored 1:1 ses-
sions may initially be required for severely deconditioned 
patients or those with major gait, balance, or strength 
deficits. However, most patients receiving HTx can enter 
standard phase 2 CR programs when clinically stable. For 
the first 6 months after HTx, moderate-intensity continu-
ous exercise is preferred over HIIT to ensure that most 
patients have regained some degree of reinnervation and 
have achieved optimal recovery before pursuing HIIT.22,24

INHERITED CARDIOMYOPATHIES

Although data exist on the safety of exercise among 
 patients with heritable cardiomyopathies such as hyper-
trophic cardiomyopathy (HCM), arrhythmogenic cardio-
myopathy (ACM), and channelopathies, data are limited 
on the safety of exercise in other heritable conditions. As 
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a result of the paucity of data, caution is advised on the 
initiation of an exercise training program in these popu-
lations. Patients should undergo exercise testing before 
initiation of training to evaluate for any exercise-related 
abnormality (eg, arrhythmia, hypotension, ischemic ST-
segment changes) that could increase the risk of  exercise. 
Clinicians may also use ambulatory electrocardiographic 
monitors in selected patients to evaluate for arrhythmias 
in real-world settings. Together, these data allow the de-
velopment of individualized exercise prescriptions through 
a process of shared decision-making.131 For patients with 
an inherited cardiomyopathy, this process should involve 
formal clearance by a health care professional before ini-
tiation of a formal training program.131

Hypertrophic Cardiomyopathy

The prevalence of HCM has been historically reported 
to be ≈1:500 individuals, but the true prevalence varies 
depending on whether only clinically evident cases are 
considered (Table 1).38 For example, the prevalence of 
unexplained asymptomatic HCM in young adults may be 
anywhere from 1:200 to 1:500 individuals in the United 
States, whereas the prevalence of symptomatic HCM is 
±1:3000.38

Historically, exercise was discouraged among patients 
with HCM because of concerns about the risk of sud-
den cardiac arrest. However, recent data suggest that 
the risk is likely lower than previously hypothesized.132 
In 1 prospective observational analysis, 166 patients 
with HCM were stratified according to self-reported 
categories of physical activity.133 Overall, the risk of 
cardiac events was not increased among patients with 
HCM participating in vigorous exercise (defined as at 
least 1 activity at a metabolic level of activity of ≥6.0 
metabolic equivalents for ≥60 h/y) compared with non-
vigorous exercise over ≈3 years of follow-up.133 In a sec-
ond study, 15 patients with HCM were randomized to 5 
months of moderate-intensity aerobic exercise or HIIT 
(Supplemental Table).82 Peak V̇O2 improved similarly in 
both groups by 1.3 mL·kg−1·min−1, and, it is important 
to note, there were no serious arrhythmias or adverse 
cardiac events.82 In comparison, HIIT may improve peak 
V̇O2 by up to ≈5 mL·kg−1·min−1 in healthy individuals, 
although the actual magnitude of the response to train-
ing depends on several factors, including baseline CRF, 
age, and duration of training.134 In another study, 136 
patients with HCM were randomized to 16 weeks of 
moderate-intensity exercise training or to usual activ-
ity.135 Moderate-intensity exercise increased peak V̇O2 
by 1.35 mL·kg−1·min−1. The American Heart Association 
and American College of Cardiology recommend mild- 
to moderate-intensity exercise for most patients with 
HCM and that participation in high-intensity physical 
activity or competitive sports may be considered after a 
comprehensive evaluation and shared decision-making 

process (Table 2).38,132 Exercise training among patients 
with HCM may be completed in either an individualized 
or group setting. However, formal CR is typically not 
reimbursed unless the individual has concomitant HF 
with reduced ejection fraction.

Arrhythmogenic Cardiomyopathy

ACM is a rare inherited cardiomyopathy with a preva-
lence of ≈1:5000 (Table 1).39 Vigorous exercise among 
patients with ACM is discouraged because of the risk 
of phenotypic conversion of patients with genetic vari-
ants in the PKP2 (plakophilin-2) gene, which affects 
≈50% of patients diagnosed with ACM.136 In a study of 
87 carriers of desmosomal mutations, there was a strong 
association between higher self-reported exercise fre-
quency and meeting the diagnostic criteria for ACM 
(Supplemental Table).136 Furthermore, endurance ath-
letes (self-reported) developed symptoms at a younger 
age, were more likely to meet the diagnostic criteria for 
ACM, and had a lower lifetime survival free of ventricu-
lar arrhythmias or HF.136 For these reasons, individuals 
with ACM who participate in vigorous exercise should 
undergo close imaging surveillance to monitor for signs 
of phenotypic disease progression.132 In addition, partici-
pation in vigorous physical activities by individuals with 
genotype PKP2-mediated ACM increases their risk of  
ventricular arrhythmias, ICD shocks, and disease progres-
sion; therefore, participation in higher-intensity exercise 
is generally discouraged.132 For patients with non-PKP2 
ACM or genotype-negative ACM, the impact of exercise 
on adverse outcomes is less clear, and participation in  
higher-intensity exercise should be individualized through 
a shared decision-making process.132

Channelopathies

Channelopathies refer to heritable conditions such 
as long QT syndrome, catecholaminergic polymorphic 
ventricular tachycardia, and Brugada syndrome that 
have been associated with sudden cardiac arrest. His-
torically, exercise was discouraged among patients with  
channelopathies. However, in light of emerging data sup-
porting the safety of exercise for individuals with these 
conditions, contemporary trends are moving away from 
binary decisions on clearance to a model involving shared 
decision-making that incorporates a patient-centered 
risk assessment and development of an emergency ac-
tion plan.137 In 1 prospective observational analysis of in-
dividuals with long QT syndrome (N=1,413), which has a 
prevalence of ≈1:2000,138 rates of self-reported adverse 
cardiac events (ie, sudden death, sudden cardiac arrest, 
ventricular arrhythmias treated by an ICD, and arrhyth-
mic syncope) were similar between those who reported 
participation in vigorous and those who participated in 
nonvigorous exercise (Supplemental Table).81 Notably, 
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in this study, >90% of participants were on a β-blocker, 
had undergone sympathetic denervation, had an ICD, or 
had received a combination of these therapies.81 For indi-
viduals on appropriate medical therapy, exercise may be 
conducted on an individual basis. For individuals in whom 
there is increased concern for exercise-associated ar-
rhythmias, exercise training may be conducted in for-
malized rehabilitation programs that support continuous 
telemetry monitoring. However, current reimbursement 
models do not include coverage for formal CR among 
patients with long QT syndrome or other channelopa-
thies.

Among all patients with cardiac channelopathies, sev-
eral general principles should be considered before exer-
cise training programs are started.139 Patients should be 
closely managed by cardiologists with expertise in chan-
nelopathies,139 and disease-specific medical therapies 
should be optimized. Fluid and electrolyte balance should 
be maintained, particularly for individuals with long QT 
syndrome,139 and disease-specific triggers should be 
avoided (eg, overheating during exercise among patients 
with Brugada syndrome; Table 2).139 Decisions on par-
ticipation in exercise programs should also incorporate 
symptom severity.139 For example, asymptomatic patients 
with catecholaminergic polymorphic ventricular tachy-
cardia and a negative exercise test can exercise when 
treated optimally.139 However, those with abnormal exer-
cise tests or disease-related symptoms should undergo 
medical optimization to reduce test abnormalities and 
resolve symptoms before initiating exercise programs.139

PATIENT-REPORTED OUTCOMES 

MEASURES ACROSS CONDITIONS

Patient-reported outcome measures offer essential in-
sights into how exercise training affects what patients 
value most: daily functioning, independence, symptom 
burden, and quality of life. Although the high-risk popula-
tions reviewed in this scientific statement may differ sub-
stantially in etiology and physiology, the patient-reported 
outcome measure domains that matter most to patients 
are likely similar. Core areas consistently include physi-
cal functioning (eg, mobility, transfers, stair climbing), fa-
tigue, pain interference, emotional well-being, cognitive 
function, social participation, and overall health-related 
quality of life. Validated tools such as PROMIS Global 
Health, PROMIS Physical Function and Fatigue, the 
Stroke Impact Scale, the Short Form 36, and the Kansas 
City Cardiomyopathy Questionnaire can sensitively track 
these outcomes across diverse conditions. Integrating 
patient-reported outcome measures with physiological 
measures (eg, peak V̇O2-, 6-minute walk distance) pro-
vides a more complete assessment of exercise benefits 
and helps align training programs with patient-centered 
goals. Systematic use of patient-reported outcome mea-
sures in both clinical practice and research will support 

individualized care and better capture meaningful chang-
es in patients’ lived experiences.

GAPS AND FUTURE DIRECTIONS

Although some gaps are unique to the individual condi-
tions reviewed, many are shared across populations as 
discussed herein (Table 3). Although the benefits of ex-
ercise training in these populations of increasing CRF 
and physical functioning are well documented, evidence 
remains limited for some subgroups, and overall par-
ticipation in exercise programs remains low as a result 
of a combination of patient, clinician, and system-level  
factors.1 Patient factors include cost, geographic inac-
cessibility, transportation, sociodemographic factors, and 
competing priorities. Although traditional CR is reimbursed 
by Medicare, noncardiac conditions are generally not cov-
ered, creating a major financial hurdle for individuals with 
lower income. Community-based and home-based pro-
grams may overcome or mitigate these issues but require 
further development and, in most higher-risk conditions, 
should be initiated only after a period of close supervision. 
The major clinician factor limiting exercise program par-
ticipation is the failure to refer patients, an issue well de-
scribed for traditional CR programs.1 Automatic referrals 
and electronic health record prompts have been shown 
to increase referrals to CR programs but are not widely 
implemented. During routine office visits, patients should 
be queried about their exercise habits and encouraged 
to increase their physical activity as tolerated. Walking 
should be emphasized in this regard given its broad ap-
plicability without need for specialized equipment.

Development of a structured approach to risk assess-
ment and identification of individuals’ unique deficits is 
needed to guide training modifications. For the major-
ity of conditions discussed, clinical studies have focused 
predominantly on the efficacy and safety of moderate-
intensity aerobic exercise, with lesser emphasis on 
nontraditional training modalities with the potential for 
additional clinical benefit (eg, strength, balance, and flexi-
bility). Thus, additional research is needed, including both 
feasibility and head-to-head trials, to determine the rela-
tive benefits of different and innovative training modali-
ties, intensities, durations, and frequencies to guide the 
development of individualized, patient-centered training 
regimens that account for the unique and heterogeneous 
needs of these populations. Furthermore, the majority of 
training studies have focused on the impact of exercise 
on traditional markers of CRF (eg, peak V̇O2 or 6-minute 
walk distance). Future research is needed that evaluates 
the impact of exercise training both on clinical outcomes 
and on end points meaningful to patients such as per-
forming daily activities, quality of life, and psychological 
well-being.

In addition to research focused on risk assessment 
and development of optimized training regimens, future 
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Table 3. Gaps and Future Directions

Gaps Future directions

Older adults with frailty Differing approaches to optimal assessment of frailty

Lack of prioritization for resistance and balance training (with 

associated nutritional enrichments) as a foundation to aerobic 

training

No structured approach to tailor exercise intensity as a function 

of baseline frailty

Overreliance on recumbent exercise modalities that fail to pro-

vide sufficient training stimulus

Develop biomarkers (biological and imaging) to better diagnose 

frailty and guide management

Refine diet and use nutritional and pharmaceutical supplements to 

preserve skeletal muscle mass and function

Refine and implement exercise training regimens to better ac-

commodate multimorbidity and polypharmacy, including cognitive 

impairment, fear, and fall prevention imbalance

Refine and implement exercise training regimens to optimize effi-

cacy and impact for those thought to be exercise intolerant

Stroke Absence of aerobic exercise in traditional neurorehabilitation for 

stroke patients; current programs provide ≈3 min/session

Low adherence to recommended exercise and physical activity 

guidelines

Limited knowledge about timing and dose of exercise in stroke 

patients

Lack of funding for aerobic exercise programs in stroke patients

Integrate aerobic exercise into neurorehabilitation programs

Develop novel approaches to facilitate adherence to recommended 

exercise programs

Enhance knowledge about the timing and dose of exercise inter-

ventions for stroke patients

Explore home- and other low-cost exercise programs

SCI Lack of standardized exercise testing/intervention protocols-

Subject heterogeneity may mask/reduce apparent training ef-

fects (eg, incomplete paraplegia vs complete tetraplegia, time 

since injury, age, sex)

Insufficient studies using high-intensity training

Low accessibility to exercise programs soon after injury, espe-

cially in mobility-restricted individuals

Develop standardized exercise testing/intervention protocols

Use exercise modes that engage the highest possible muscle mass 

and intensity

Increase accessibility to improve use soon after injury, especially 

among mobility-restricted population

Address patient heterogeneity in developing training protocols

Severe arthritis Lack of studies comparing varying exercise amounts, intensities, 

and frequencies across multiple outcomes

Lack of studies of exercise interventions among individuals with 

significant mobility limitations (often an exclusion criterion)

Lack of data on effect of arthritis drug therapy on exercise 

responses

Determine optimal exercise for desired outcomes (eg, pain, physi-

cal function, cardiovascular risk)

Identify disease- and joint-specific modifications and strategies 

that permit persons with severe arthritis to engage in, maintain, and 

benefit from exercise

Evaluate the impact of different drugs on exercise response

HTx Uncertainty about optimal timing, intensity, frequency, and dura-

tion of exercise training

Limited understanding of physiological mechanisms of improve-

ments for different exercise modalities

Long-term adherence to exercise training is suboptimal

Lack of studies on long-term effects of exercise training

Unclear effect of age on training response

Develop and test diverse exercise protocols, including HIIT, for dif-

ferent patient profiles

Explore biological markers and personalized exercise prescriptions

Explore shorter interval bouts to enhance adherence

Design studies of long-term training effects

Collect more data on training responses by age among transplant 

recipients

LVADs Few randomized trials of exercise training in patients with LVAD 

generally and specifically those with newer-generation LVADs 

(Heartmate 3)

Low use of CR early after implantation

Lack of LVADs programmed to automatically adjust to changes 

in preload and afterload

No standardization of exercise training protocols

Use CR to investigate the impact of new LVADs on CRF and clini-

cal outcomes

Initiate CR early after device implantation

Develop LVADs programmed to respond to increased demands of 

exercise

Develop standardized training protocols, including those suitable 

for home-based exercise training

CIEDs Outcomes beyond peak V̇O2 and 6MWD rarely reported in 

exercise trials after CIED implantation (eg, biomarkers, QoL, 

costs)

Lack of training studies using digital technologies

Resistance exercise, with or without aerobic exercise, rarely 

included in CIED interventions

Few studies evaluating home-based exercise training regimens

ICD use and pacemaker use are not qualifying diagnoses for 

supervised outpatient CR

Lack of sex-tailored exercise programs

Develop and implement research designs that include other impor-

tant outcomes 

Digital technology–enhanced interventions to support uptake, 

monitoring, and maintenance of exercise

Incorporate resistance exercise into exercise training prescriptions 

and maintenance

Develop studies of home-based exercise training in patients with 

CIEDs

Initiate efforts to extend CMS coverage for CR to patients with an 

ICD or pacemaker

Develop sex-tailored exercise programs for patients with CIEDs

(Continued)
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research should focus on the dissemination and imple-
mentation (using evidence-based implementation sci-
ence frameworks) of exercise training strategies with 
proven benefit to equitably improve access to and par-
ticipation in exercise programs such as home-based 
programs or community settings. Home-based CR has 
emerged as a reasonable option for patients unable to 
participate in center-based CR, particular for clinically 
stable low- to moderate-risk patients, for whom there 
is the most evidence to support efficacy and safety. 
Emerging evidence suggests the safety of home-based 
rehabilitation programs for higher-risk, frail popula-
tions.140,141 Digital technologies are another promis-
ing tool for augmenting and extending the benefits of 
exercise training. However, additional research in this 
area is warranted to understand how to most effectively 
use these devices and their long-term behavioral and 
psychological consequences. There is the potential for 
wearable devices to provide novel insights into patients’ 
daily lives for a range of lifestyle behaviors, capture 
novel digital biomarkers in patients’ lived environments, 
and enhance risk stratification.142 Ensuring that the dig-
ital devices track exercise accurately (ie, lower accuracy 
in individuals with slower gait speeds143) and in a man-
ner that is clinically meaningful to this population (ie, 
step count may not be appropriate for all people) will 
be essential for these tools to maximize their impact. 
Implementation efforts should continuously evaluate 
process measures for ensuring the sustainability and 
scalability of the interventions and should ensure that 
the technology equitably improves access to exercise 
training without exacerbating the exclusion of sociode-
mographic subgroups or individuals with disabilities. 
Furthermore, future research is needed to determine 
how to effectively sustain physical activity levels long 
term, particularly in the face of changing circumstances 
and priorities when conflicting activities and motiva-
tions arise (eg, return to work after CR). Although digital 
technologies and motivational interviewing have shown 
promise in this regard, research is needed to determine 
how to use these tools efficiently and cost-effectively in 
clinical practice.

CONCLUSIONS

Exercise training has demonstrated clinical benefit in di-
verse populations, including patients with frailty, stroke, 
SCI, rheumatologic conditions, CIEDs, and some inher-
ited cardiomyopathies and recipients of advanced HF 
therapies. Despite evidence to support the efficacy and 
safety of exercise training in the majority of conditions 
reviewed, these programs remain vastly underused. Ad-
ditional research is urgently needed to identify a patient-
centered approach to exercise training that accounts for 
patients’ unique needs, with a focus on implementation 
to equitably increase access to such programs for all in-
dividuals with the potential for benefit.
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Gaps Future directions

Inherited  

cardiomyopathies

Limited understanding of risk factors for sudden cardiac arrest 

with exercise in patients HCM and channelopathies

Unclear optimal “dose” of exercise for patients with ACM

Limited data on long-term effects of exercise restriction in pa-

tients with ACM and channelopathies

Enhance risk stratification for sudden cardiac arrest during exercise 

in patients with HCM and channelopathies

Develop tailored exercise programs to preserve CRF without dis-

ease progression for patients with ACM

Determine long-term effects of exercise restriction in patients with 

channelopathies at risk of sudden cardiac arrest during physical 

activity

6MWD indicates 6-minute walk distance; ACM, arrhythmogenic cardiomyopathy; CIED, cardiac implantable electronic device; CMS, Centers for Medicare & Medicaid 
Services; CR, cardiac rehabilitation; CRF, cardiorespiratory fitness; HCM, hypertrophic cardiomyopathy; HIIT, high-intensity interval training; HTx, heart transplantation; 
ICD, implantable cardioverter defibrillator; LVAD, Left ventricular assist device; QoL, quality of life; SCI, spinal cord injury; and V̇O2, oxygen consumption.

Table 3. Continued

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6

https://professional.heart.org/statements
mailto:Meredith.Edelman@wolterskluwer.com
https://professional.heart.org/statements
https://www.heart.org/permissions
https://www.heart.org/en/about-us/statements-and-policies/copyright-request-form
https://www.heart.org/en/about-us/statements-and-policies/copyright-request-form


C
LIN

IC
A
L S

TATE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LIN

E
S

Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456 TBD TBD, 2026 e15

Fleg et al Exercise Training in High-Risk Populations 

Disclosures

Writing Group Disclosures

Writing group 

member Employment Research grant

Other 

research 

support

Speakers’ 

bureau/

honoraria

Expert 

witness

Ownership 

interest

Consultant/

advisory 

board Other

Jerome L. Fleg National Heart, Lung, 

and Blood Institute

None None None None None None None

Jessica R.  

Golbus

University of Michi-

gan

NIH (NHLBI; re-

search grant [MOVIN-

HF Study])†; PCORI 

(research grant [MC-

NAIR study])*

None None None None None Blue Cross Blue 

Shield of Michigan 

(codirector, Michigan 

Cardiac Reha-

bilitation [MiCR] 

network)†

Jonathan Afilalo Jewish General Hos-

pital, McGill Univer-

sity (Canada)

Canadian Institutes 

of Health Research 

(project grant)†; 

Fonds de recherche 

du Québec (clinician 

scientist award)†; 

CoreSlicer (inventor)†

None None None None None None

William K.  

Cornwell III

University of 

Colorado Anschutz 

Medical Campus 

Clinical Translational 

Research Center

None None None None None None None

Sara Cuccurullo JFK Johnson Reha-

bilitation Institute at 

Hackensack Meridian 

Health

None None None None None None None

Cynthia M. 

Dougherty

University of Wash-

ington

NIH (NHLBI funding 

for study in exercise 

after an ICD)†

None None None None None None

Daniel E. Forman University of Pitts-

burgh Medical 

Center

None None None None None None None

Kim M. Huffman Duke University 

School of Medicine

None None None None None None None

Sherrie  

Khadanga

University of Vermont 

Medical Center

None None None None None None None

Donna Mancini Mount Sinai Hospital None None None None None None None

Kari Nytrøen Norwegian Health 

Archives (Norway)

None None None None None None None

Gordon R. 

Reeves

Wake Forest Uni-

versity School of 

Medicine

NIH† None None None None None None

J. Andrew Taylor Harvard Medical 

School Spaulding 

Hospital

None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the 
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person 
receives $5000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the 
entity, or owns $5000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6



C
LI

N
IC

A
L 

S
TA

TE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LI

N
E
S

TBD TBD, 2026 Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456e16

Fleg et al Exercise Training in High-Risk Populations 

REFERENCES

 1. Brown TM, Pack QR, Aberegg E, Brewer LC, Ford YR, Forman DE, Gathright EC, 
Khadanga S, Ozemek C, Thomas RJ; on behalf of the American Heart Associ-
ation Exercise, Cardiac Rehabilitation and Secondary Prevention Committee of 
the Council on Clinical Cardiology; Council on Cardiovascular and Stroke Nurs-
ing; Council on Lifestyle and Cardiometabolic Health; and Council on Quality 
of Care and Outcomes Research. Core components of cardiac rehabilitation 
programs: 2024 update: a scientific statement from the American Heart Asso-
ciation and the American Association of cardiovascular and Pulmonary Reha-
bilitation [published correction appears in Circulation. 2024;150:e328–e347]. 
Circulation. 2024;150:e328–e347. doi: 10.1161/CIR.0000000000001289

 2. Damluji AA, Tomczak CR, Hiser S, O’Neill DE, Goyal P, Pack QR, Foulkes 
SJ, Brown TM, Haykowsky MJ, Needham DM, et al. Benefits of cardiac 
rehabilitation: mechanisms to restore function and clinical impact. Circ Res. 
2025;137:255–272. doi: 10.1161/CIRCRESAHA.125.325705

 3. Hodgkiss DD, Bhangu GS, Lunny C, Jutzeler CR, Chiou S-Y, Walter M, 
Lucas SJE, Krassioukov AV, Nightingale TE. Exercise and aerobic ca-
pacity in individuals with spinal cord injury: a systematic review with  
meta-analysis and meta-regression. PLoS Med. 2023;20:e1004082. doi: 
10.1371/journal.pmed.1004082

 4. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise 
capacity and mortality among men referred for exercise testing. N Engl J 

Med. 2002;346:793–801. doi: 10.1056/NEJMoa011858
 5. Al-Mallah MH, Juraschek SP, Whelton S, Dardari ZA, Ehrman JK, Michos ED, 

Blumenthal RS, Nasir K, Qureshi WT, Brawner CA, et al. Sex differences in cardio-
respiratory fitness and all-cause mortality: the Henry Ford ExercIse Testing (FIT) 
Project. Mayo Clin Proc. 2016;91:755–762. doi: 10.1016/j.mayocp.2016.04.002

 6. Pandey A, Kitzman DW, Nelson MB, Pastva AM, Duncan P, Whellan DJ, 
Mentz RJ, Chen H, Upadhya B, Reeves GR. Frailty and effects of a multido-
main physical rehabilitation intervention among older patients hospitalized 
for acute heart failure: a secondary analysis of a randomized clinical trial. 
JAMA Cardiol. 2023;8:167–176. doi: 10.1001/jamacardio.2022.4903

 7. Martínez-Velilla N, Casas-Herrero A, Zambom-Ferraresi F, Sáez de Asteasu 
ML, Lucia A, Galbete A, García-Baztán A, Alonso-Renedo J, González-Glaría 
B, Gonzalo-Lázaro M, et al. Effect of exercise intervention on func-
tional decline in very elderly patients during acute hospitalization: a 
randomized clinical trial. JAMA Intern Med. 2019;179:28–36. doi: 
10.1001/jamainternmed.2018.4869

 8. Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM, 
MacKay-Lyons M, Macko RF, Mead GE, Roth EJ, et al; on behalf of the Ameri-
can Heart Association Stroke Council; Council on Cardiovascular and Stroke 
Nursing; Council on Lifestyle and Cardiometabolic Health; Council on Epide-
miology and Prevention; Council on Clinical Cardiology. Physical activity and 
exercise recommendations for stroke survivors: a statement for healthcare 
professionals from the American Heart Association/American Stroke Associa-
tion. Stroke. 2014;45:2532–2553. doi: 10.1161/STR.0000000000000022

 9. James K, Jamil Y, Kumar M, Kwak MJ, Nanna MG, Qazi S, Troy AL, Butt JH, 
Damluji AA, Forman DE, et al. Frailty and cardiovascular health. J Am Heart 

Assoc. 2024;13:e031736. doi: 10.1161/JAHA.123.031736
 10. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener 

J, Seeman T, Tracy R, Kop WJ, Burke G, et al; Cardiovascular Health 
Study Collaborative Research Group. Frailty in older adults: evidence for 
a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:M146–M156. doi: 
10.1093/gerona/56.3.m146

 11. Schmid V, Paterson S, Weinkauf C, Wang J, Tomczak CR, Niederseer D, 
Vontobel J, Forman DE, Halle M, Nelson MD, et al. Peak oxygen uptake in older 

Reviewer Disclosures

Reviewer Employment

Research 

grant

Other research 

support

Speakers’  

bureau/ 

honoraria

Expert 

witness

Ownership 

interest Consultant/advisory board Other

Todd 

Brown

University of 

Alabama at 

Birmingham

AACVPR 

Registry 

Data Ana-

lytic Center, 

REHAB-

HFpEF

None None None None None None

George A. 

Kelley

Boise State 

University

None None None None None None None

Steven 

Keteyian

Henry Ford 

Health

None None None None None Kento Health, Inc None

George S. 

Metsios

University 

of Thessaly 

(Greece)

None None None None None None None

Ambarish 

Pandey

University of 

Texas South-

western Medi-

cal Center

None Applied Thera-

peutics (to the 

university)†; 

Roche (to the 

university)†; 

Ultromics (to the 

university)†; Gil-

ead Sciences (to 

the university)†; 

AstraZeneca (to 

the university)†

Bayer†; 

Boehringer 

Ingelheim†

None None Tricog Health Inc†; Lilly†; Rivus†; Roche 

Diagnostics†; Axon Therapies*; Edward 

Lifesciences*; Science37†; Novo Nord-

isk†; Bayer†; Medical AI†; Astra Zeneca†; 

Baylor Scott and White Research Insti-

tute†; Boehringer Ingelheim†; iRhythm 

Technologies†; Tourmaline Bio*; Merck*; 

Sarfez Pharmaceuticals†; Ultromics*; 

Kardigan†; Tenax Pharma†; Alnylam†; Ab-

bott†; Kieele Health†; Anumana†; Acorai*; 

Novartis*; Antlia Biosciences*

None

Jenna L. 

Taylor

University of 

Queensland 

(Australia)

None None None None None None None

Randal Jay 

Thomas

Mayo Clinic None None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure Ques-
tionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $5000 or more during any 
12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $5000 or more of 
the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6



C
LIN

IC
A
L S

TATE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LIN

E
S

Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456 TBD TBD, 2026 e17

Fleg et al Exercise Training in High-Risk Populations 

adults with heart failure: a systematic review and meta-analysis [published 
online July 29, 2025]. Geroscience. doi: 10.1007/s11357-025-01795-3. 
https://link.springer.com/article/10.1007/s11357-025-01795-3

 12. Damluji AA, Alfaraidhy M, AlHajri N, Rohant NN, Kumar M, Al Malouf 
C, Bahrainy S, Ji Kwak M, Batchelor WB, Forman DE, et al. Sarcopenia 
and cardiovascular diseases. Circulation. 2023;147:1534–1553. doi: 
10.1161/CIRCULATIONAHA.123.064071

 13. Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, 
Baker-Smith CM, Barone Gibbs B, Beaton AZ, Boehme AK, et al; on be-
half of the American Heart Association Council on Epidemiology and Pre-
vention Statistics Committee and Stroke Statistics Subcommittee. 2024 
Heart disease and stroke statistics: a report of US and global data from 
the American Heart Association [published corrections appear in Circu-

lation. 2024;149:e1164 and Circulation. 2025;151:e1095]. Circulation. 
2024;149:e347–e913. doi: 10.1161/CIR.0000000000001209

 14. Smith AC, Saunders DH, Mead G. Cardiorespiratory fitness af-
ter stroke: a systematic review. Int J Stroke. 2012;7:499–510. doi: 
10.1111/j.1747-4949.2012.00791.x

 15. Wist S, Clivaz J, Sattelmayer M. Muscle strengthening for hemiparesis af-
ter stroke: a meta-analysis. Ann Phys Rehabil Med. 2016;59:114–124. doi: 
10.1016/j.rehab.2016.02.001

 16. Tyson SF, Hanley M, Chillala J, Selley A, Tallis RC. Balance disability after 
stroke. Phys Ther. 2006;86:30–38. doi: 10.1093/ptj/86.1.30

 17. Zeng H, Chen J, Guo Y, Tan S. Prevalence and risk factors for spastic-
ity after stroke: a systematic review and meta-analysis. Front Neurol. 
2020;11:616097. doi: 10.3389/fneur.2020.616097

 18. Jacobs PL, Nash MS. Exercise recommendations for individu-
als with spinal cord injury. Sports Med. 2004;34:727–751. doi: 
10.2165/00007256-200434110-00003

 19. Pelletier C. Exercise prescription for persons with spinal cord injury: a review 
of physiological considerations and evidence-based guidelines. Appl Physiol 

Nutr Metab. 2023;48:882–895. doi: 10.1139/apnm-2023-0227
 20. Theis KA, Murphy LB, Guglielmo D, Boring MA, Okoro CA, Duca LM, Helmick 

CG. Prevalence of arthritis and arthritis-attributable activity limitation: United 
States, 2016-2018. MMWR Morb Mortal Wkly Rep. 2021;70:1401–1407. 
doi: 10.15585/mmwr.mm7040a2

 21. Singh TP, Hsich E, Cherikh WS, Perch M, Hayes D Jr, Lewis A, Dellgren 
G, Cogswell R; International Society for Heart and Lung Transplantation. 
The International Thoracic Organ Transplant Registry of the International 
Society for Heart and Lung Transplantation: 2025 annual report of heart 
and lung transplantation. J Heart Lung Transplant. 2025;44:1857–1873. 
doi: 10.1016/j.healun.2025.04.014

 22. Nytrøen K, Rolid K. A review of high-intensity interval training in heart trans-
plant recipients: current knowledge and future perspectives. J Cardiopulm 

Rehabil Prev. 2024;44:150–156. doi: 10.1097/HCR.0000000000000847
 23. Nytrøen K, Gullestad L. Exercise after heart transplantation: an overview. 

World J Transplant. 2013;3:78–90. doi: 10.5500/wjt.v3.i4.78
 24. Simonenko M, Hansen D, Niebauer J, Volterrani M, Adamopoulos S, 

Amarelli C, Ambrosetti M, Anker SD, Bayes-Genis A, Ben Gal T, et al. 
Prevention and rehabilitation after heart transplantation: a clinical con-
sensus statement of the European Association of Preventive Cardiology, 
Heart Failure Association of the ESC, and the European Cardio Thoracic 
Transplant Association, a section of ESOT. Transpl Int. 2024;37:13191. 
doi: 10.3389/ti.2024.13191

 25. Jorde UP, Saeed O, Koehl D, Morris AA, Wood KL, Meyer DM, Cantor R, 
Jacobs JP, Kirklin JK, Pagani FD, et al. The Society of Thoracic Surgeons 
Intermacs 2023 annual report: focus on magnetically levitated devices. Ann 

Thorac Surg. 2024;117:33–44. doi: 10.1016/j.athoracsur.2023.11.004
 26. Moss N, Rakita V, Lala A, Parikh A, Roldan J, Mitter SS, Anyanwu A, Campoli 

M, Burkhoff D, Mancini DM. Hemodynamic response to exercise in patients 
supported by continuous flow left ventricular assist devices. JACC Heart 

Fail. 2020;8:291–301. doi: 10.1016/j.jchf.2019.10.013
 27. Mirza KK, Szymanski MK, Schmidt T, de Jonge N, Brahmbhatt DH, Billia F, 

Hsu S, MacGowan GA, Jakovljevic DG, Agostoni P, et al; PRO-VAD Investi-
gators. Prognostic value of peak oxygen uptake in patients supported with 
left ventricular assist devices (PRO-VAD). JACC Heart Fail. 2021;9:758–
767. doi: 10.1016/j.jchf.2021.05.021

 28. Khanra D, Manivannan S, Mukherjee A, Deshpande S, Gupta A, Rashid W, 
Abdalla A, Patel P, Padmanabhan D, Basu-Ray I. Incidence and predictors of 
implantable cardioverter-defibrillator therapies after generator replacement: 
a pooled analysis of 31,640 patients’ data. J Innov Card Rhythm Manag. 
2022;13:5278–5293. doi: 10.19102/icrm.2022.13121

 29. Akdal A, Karavelioglu Y, Gokdeniz T, Turk AC, Unal F, Kutukcu EC. Combined 
arm-leg endurance training vs. leg endurance training in patients with an 

implantable cardioverter defibrillator: a randomized controlled study. Heart 

Lung. 2025;70:82–92. doi: 10.1016/j.hrtlng.2024.11.011
 30. Belardinelli R, Capestro F, Misiani A, Scipione P, Georgiou D. Moder-

ate exercise training improves functional capacity, quality of life, and 
endothelium-dependent vasodilation in chronic heart failure patients 
with implantable cardioverter defibrillators and cardiac resynchroniza-
tion therapy. Eur J Cardiovasc Prev Rehabil. 2006;13:818–825. doi: 
10.1097/01.hjr.0000230104.93771.7d

 31. Berg SK, Pedersen PU, Zwisler A-D, Winkel P, Gluud C, Pedersen BD, 
Svendsen JH. Comprehensive cardiac rehabilitation improves outcome for 
patients with implantable cardioverter defibrillator: findings from the COPE-
ICD randomised clinical trial. Eur J Cardiovasc Nurs. 2015;14:34–44. doi: 
10.1177/1474515114521920

 32. Dougherty CM, Glenny RW, Burr RL, Flo GL, Kudenchuk PJ. Prospective 
randomized trial of moderately strenuous aerobic exercise after an im-
plantable cardioverter defibrillator. Circulation. 2015;131:1835–1842. doi: 
10.1161/CIRCULATIONAHA.114.014444

 33. Frizelle DJ, Lewin RJP, Kaye G, Hargreaves C, Hasney K, Beaumont N, 
Moniz-Cook E. Cognitive-behavioural rehabilitation programme for patients 
with an implanted cardioverter defibrillator: a pilot study. Br J Health Psychol. 
2004;9:381–392. doi: 10.1348/1359107041557039

 34. Isaksen K, Munk PS, Valborgland T, Larsen AI. Aerobic interval training 
in patients with heart failure and an implantable cardioverter defibrilla-
tor: a controlled study evaluating feasibility and effect. Eur J Prev Cardiol. 
2015;22:296–303. doi: 10.1177/2047487313519345

 35. Piccini JP, Hellkamp AS, Whellan DJ, Ellis SJ, Keteyian SJ, Kraus WE, 
Hernandez AF, Daubert JP, Pina L, O’Connor CM; HF-ACTION Investiga-
tors. Exercise training and implantable cardioverter-defibrillator shocks in 
patients with heart failure: results from HF-ACTION (Heart Failure and A 
Controlled Trial Investigating Outcomes of Exercise TraiNing). JACC Heart 

Fail. 2013;1:142–148. doi: 10.1016/j.jchf.2013.01.005
 36. Piotrowicz E, Zieliński T, Bodalski R, Rywik T, Dobraszkiewicz-Wasilewska 

B, Sobieszczańska-Małek M, Stepnowska M, Przybylski A, Browarek A, 
Szumowski L, et al. Home-based telemonitored Nordic walking training is 
well accepted, safe, effective and has high adherence among heart failure 
patients, including those with cardiovascular implantable electronic devices: 
a randomised controlled study. Eur J Prev Cardiol. 2015;22:1368–1377. doi: 
10.1177/2047487314551537

 37. Spee RF, Niemeijer VM, Schoots T, Tuinenburg A, Houthuizen P, Wijn PF, 
Doevendans PA, Kemps HM. High intensity interval training after cardiac 
resynchronization therapy: an explorative randomized controlled trial. Int J 

Cardiol. 2020;299:169–174. doi: 10.1016/j.ijcard.2019.07.023
 38. Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, Evanovich LL, 

Hung J, Joglar JA, Kantor P, et al. 2020 AHA/ACC guideline for the diag-
nosis and treatment of patients with hypertrophic cardiomyopathy: a report 
of the American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation. 2020;142:e558–
e631. doi: 10.1161/CIR.0000000000000937

 39. Chen S, Chen L, Duru F, Hu S. Heart failure in patients with arrhythmogenic 
cardiomyopathy. J Clin Med. 2021;10:4782. doi: 10.3390/jcm10204782

 40. Ackerman MJ, Zipes DP, Kovacs RJ, Maron BJ; on behalf of the Ameri-
can Heart Association Electrocardiography and Arrhythmias Committee of 
Council on Clinical Cardiology, Council on Cardiovascular Disease in Young, 
Council on Cardiovascular and Stroke Nursing, Council on Functional Ge-
nomics and Translational Biology, and American College of Cardiology. 
Eligibility and disqualification recommendations for competitive athletes 
with cardiovascular abnormalities: Task Force 10: The Cardiac Channelo-
pathies: a scientific statement from the American Heart Association and 
American College of Cardiology. Circulation. 2015;132:e326–e329. doi: 
10.1161/CIR.0000000000000246

 41. Finocchiaro G, Haddad F, Knowles JW, Caleshu C, Pavlovic A, Homburger 
J, Shmargad Y, Sinagra G, Magavern E, Wong M, et al. Cardiopulmonary 
responses and prognosis in hypertrophic cardiomyopathy: a potential role 
for comprehensive noninvasive hemodynamic assessment. JACC Heart Fail. 
2015;3:408–418. doi: 10.1016/j.jchf.2014.11.011

 42. Gallagher H, Hendrickse PW, Pereira MG, Bowen TS. Skeletal muscle atro-
phy, regeneration, and dysfunction in heart failure: impact of exercise train-
ing. J Sport Health Sci. 2023;12:557–567. doi: 10.1016/j.jshs.2023.04.001

 43. Gorelik O, Feldman L, Cohen N. Heart failure and orthostatic hypotension. 
Heart Fail Rev. 2016;21:529–538. doi: 10.1007/s10741-016-9541-z

 44. Kitzman DW, Whellan DJ, Duncan P, Pastva AM, Mentz RJ, Reeves GR, 
Nelson MB, Chen H, Upadhya B, Reed SD, et al. Physical rehabilitation for 
older patients hospitalized for heart failure. N Engl J Med. 2021;385:203–
216. doi: 10.1056/nejmoa2026141

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6

https://link.springer.com/article/10.1007/s11357-025-01795-3


C
LI

N
IC

A
L 

S
TA

TE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LI

N
E
S

TBD TBD, 2026 Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456e18

Fleg et al Exercise Training in High-Risk Populations 

 45. Kim DH, Afilalo J, Shi SM, Popma JJ, Khabbaz KR, Laham RJ, Grodstein F, 
Guibone K, Lux E, Lipsitz LA. Evaluation of changes in functional status in 
the year after aortic valve replacement. JAMA Intern Med. 2019;179:383–
391. doi: 10.1001/jamainternmed.2018.6738

 46. Bernabei R, Landi F, Calvani R, Cesari M, Del Signore S, Anker SD, Bejuit R, 
Bordes P, Cherubini A, Cruz-Jentoft AJ, et al; SPRINTT Consortium. Mul-
ticomponent intervention to prevent mobility disability in frail older adults: 
randomised controlled trial (SPRINTT project). BMJ. 2022;377:e068788. 
doi: 10.1136/bmj-2021-068788

 47. Fountotos R, Ahmad F, Bharaj N, Munir H, Marsala J, Rudski LG, Goldfarb M, 
Afilalo J. Multicomponent intervention for frail and pre-frail older adults with 
acute cardiovascular conditions: the TARGET-EFT randomized clinical trial. 
J Am Geriatr Soc. 2023;71:1406–1415. doi: 10.1111/jgs.18228

 48. Mentz RJ, Whellan DJ, Reeves GR, Pastva AM, Duncan P, Upadhya B, 
Nelson MB, Chen H, Reed SD, Rosenberg PB, et al. Rehabilitation in-
tervention in older patients with acute heart failure with preserved ver-
sus reduced ejection fraction. JACC Heart Fail. 2021;9:747–757. doi: 
10.1016/j.jchf.2021.05.007

 49. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, 
Scherr PA, Wallace RB. A short physical performance battery assessing 
lower extremity function: association with self-reported disability and predic-
tion of mortality and nursing home admission. J Gerontol. 1994;49:M85–94. 
doi: 10.1093/geronj/49.2.m85

 50. Kirwan RP, Mazidi M, Rodriguez Garcia C, Lane KE, Jafari A, Butler T, 
Perez de Heredia F, Davies IG. Protein interventions augment the effect of 
resistance exercise on appendicular lean mass and handgrip strength in old-
er adults: a systematic review and meta-analysis of randomized controlled 
trials. Am J Clin Nutr. 2022;115:897–913. doi: 10.1093/ajcn/nqab355

 51. Liguori G, Feito Y, Fountaine CJ, Roy B. ACSM’s Guidelines for Exercise 

Testing and Prescription. 11th ed. Wolters Kluwer; 2022.
 52. Saunders DH, Sanderson M, Hayes S, Johnson L, Kramer S, Carter 

DD, Jarvis H, Brazzelli M, Mead GE. Physical fitness training for 
stroke patients. Cochrane Database Syst Rev. 2020;3:CD003316. doi: 
10.1002/14651858.CD003316.pub7

 53. Cuccurullo SJ, Fleming TK, Kostis JB, Greiss C, Eckert A, Ray AR, 
Scarpati R, Zinonos S, Gizzi M, Cosgrove NM, et al. Impact of modi-
fied cardiac rehabilitation within a stroke recovery program on all-cause 
hospital readmissions. Am J Phys Med Rehabil. 2022;101:40–47. doi: 
10.1097/PHM.0000000000001738

 54. Cuccurullo SJ, Fleming TK, Zinonos S, Cosgrove NM, Cabrera J, Kostis 
JB, Greiss C, Ray AR, Eckert A, Scarpati R, et al. Stroke recovery program 
with modified cardiac rehabilitation improves mortality, functional & cardio-
vascular performance. J Stroke Cerebrovasc Dis. 2022;31:106322. doi: 
10.1016/j.jstrokecerebrovasdis.2022.106322

 55. Cuccurullo SJ, Fleming TK, Petrosyan H, Hanley DF, Raghavan P. 
Mechanisms and benefits of cardiac rehabilitation in individuals with 
stroke: emerging role of its impact on improving cardiovascular and 
neurovascular health. Front Cardiovasc Med. 2024;11:1376616. doi: 
10.3389/fcvm.2024.1376616

 56. England BR, Smith BJ, Baker NA, Barton JL, Oatis CA, Guyatt G, 
Anandarajah A, Carandang K, Chan KK, Constien D, et al. 2022 American 
College of Rheumatology guideline for exercise, rehabilitation, diet, and ad-
ditional integrative interventions for rheumatoid arthritis. Arthritis Rheumatol. 
2023;75:1299–1311. doi: 10.1002/art.42507

 57. Hurkmans E, van der Giesen FJ, Vliet Vlieland TP, Schoones J, Van den Ende 
ECHM. Dynamic exercise programs (aerobic capacity and/or muscle strength 
training) in patients with rheumatoid arthritis. Cochrane Database Syst Rev. 
2009;2009:CD006853. doi: 10.1002/14651858.CD006853.pub2

 58. Kelley GA, Kelley KS, Hootman JM, Jones DL. Effects of community- 
deliverable exercise on pain and physical function in adults with arthritis 
and other rheumatic diseases: a meta-analysis. Arthritis Care Res (Hoboken). 
2011;63:79–93. doi: 10.1002/acr.20347

 59. Teuwen MMH, van Weely SFE, Vliet Vlieland TPM, van Wissen MAT, 
Peter WF, den Broeder AA, van Schaardenburg D, van den Hout WB, 
Van den Ende CHM, Gademan MGJ. Effectiveness of longstanding exercise 
therapy compared with usual care for people with rheumatoid arthritis and 
severe functional limitations: a randomised controlled trial. Ann Rheum Dis. 
2024;83:437–445. doi: 10.1136/ard-2023-224912

 60. Ayyıldız A, Yılmaz F, Altındaş H, Çiftci S, Kuran B. Effects of aerobic and 
resistive exercise on muscle measurements and body composition in female 
patients with rheumatoid arthritis. Am J Phys Med Rehabil. 2023;102:1076–
1084. doi: 10.1097/PHM.0000000000002283

 61. Siqueira US, Orsini Valente LG, de Mello MT, Szejnfeld VL, Pinheiro MM. 
Effectiveness of aquatic exercises in women with rheumatoid arthritis: a 

randomized, controlled, 16-week intervention: the HydRA trial. Am J Phys 

Med Rehabil. 2017;96:167–175. doi: 10.1097/PHM.0000000000000564
 62. Medrado LN, Mendonça MLM, Budib MB, Oliveira-Junior SA, Martinez 

PF. Effectiveness of aquatic exercise in the treatment of inflamma-
tory arthritis: systematic review. Rheumatol Int. 2022;42:1681–1691. doi: 
10.1007/s00296-022-05145-w

 63. Wen Z, Chai Y. Effectiveness of resistance exercises in the treatment of rheu-
matoid arthritis: a meta-analysis. Medicine (Baltimore). 2021;100:e25019. 
doi: 10.1097/MD.0000000000025019

 64. Stavropoulos-Kalinoglou A, Metsios GS, Veldhuijzen van Zanten JJJCS, 
Nightingale P, Kitas GD, Koutedakis Y. Individualised aerobic and resis-
tance exercise training improves cardiorespiratory fitness and reduces 
cardiovascular risk in patients with rheumatoid arthritis. Ann Rheum Dis. 
2013;72:1819–1825. doi: 10.1136/annrheumdis-2012-202075

 65. Metsios GS, Stavropoulos-Kalinoglou A, Veldhuijzen van Zanten JJCS, 
Nightingale P, Sandoo A, Dimitroulas T, Kitas GD, Koutedakis Y. In-
dividualised exercise improves endothelial function in patients 
with rheumatoid arthritis. Ann Rheum Dis. 2014;73:748–751. doi: 
10.1136/annrheumdis-2013-203291

 66. Bilberg A, Mannerkorpi K, Borjesson M, Svedlund S, Sivertsson J, Klingberg 
E, Bjersing J. High-intensity interval training improves cardiovascular and 
physical health in patients with rheumatoid arthritis: a multicentre ran-
domised controlled trial. Br J Sports Med. 2024;58:1409–1418. doi: 
10.1136/bjsports-2024-108369

 67. Su S, Yu CC, Zhou EF, Liu JY, Fu SN. Effect of aerobic exercise on car-
diopulmonary fitness among people with knee osteoarthritis: a systematic 
review and meta-analysis. BMC Musculoskelet Disord. 2025;26:549. doi: 
10.1186/s12891-025-08746-1

 68. Raposo F, Ramos M, Lucia Cruz A. Effects of exercise on knee osteoar-
thritis: a systematic review. Musculoskeletal Care. 2021;19:399–435. doi: 
10.1002/msc.1538

 69. Goh S-L, Persson MSM, Stocks J, Hou Y, Lin J, Hall MC, Doherty M, Zhang 
W. Efficacy and potential determinants of exercise therapy in knee and hip 
osteoarthritis: a systematic review and meta-analysis. Ann Phys Rehabil Med. 
2019;62:356–365. doi: 10.1016/j.rehab.2019.04.006

 70. Anderson L, Nguyen TT, Dall CH, Burgess L, Bridges C, Taylor RS. Exercise-
based cardiac rehabilitation in heart transplant recipients. Cochrane Database 

Syst Rev. 2017;4:CD012264. doi: 10.1002/14651858.CD012264.pub2
 71. Yardley M, Gullestad L, Nytrøen K. Importance of physical capacity and 

the effects of exercise in heart transplant recipients. World J Transplant. 
2018;8:1–12. doi: 10.5500/wjt.v8.i1.1

 72. Velleca A, Shullo MA, Dhital K, Azeka E, Colvin M, DePasquale E, Farrero 
M, García-Guereta L, Jamero G, Khush K, et al. The International Society 
for Heart and Lung Transplantation (ISHLT) guidelines for the care of heart 
transplant recipients. J Heart Lung Transplant. 2023;42:e1–e141. doi: 
10.1016/j.healun.2022.10.015

 73. Costa R, Moreira E, Silva Cardoso J, Azevedo LF, Ribeiro JA, Pinto R. Ef-
fectiveness of exercise-based cardiac rehabilitation for heart transplant 
recipients: a systematic review and meta-analysis. Health Serv Insights. 
2023;16:11786329231161482. doi: 10.1177/11786329231161482

 74. Turri-Silva N, Santos FV, Rodrigues WCC, Freire JS, Cahalin LC, Verboven K, 
Quaglioti Durigan JL, Hansen D, Cipriano G Jr. Impact of exercise modali-
ties on peripheral and central components of cardiorespiratory capacity in 
heart transplantation patients: a systematic review and meta-analysis. Me-

dicina (Kaunas). 2021;58:32. doi: 10.3390/medicina58010032
 75. Ozemek C, Bonikowske AR, Christle JW, Gallo PM; American College of 

Sports Medicine. ACSM’s guidelines for exercise testing and prescription. 
2026. Accessed March 25, 2026. https://acsm.org/education-resources/
books/guidelines-exercise-testing-prescription/

 76. Newman E, Brailovsky Y, Rajapreyar I. Exercise and cardiac rehabilita-
tion after LVAD implantation. Heart Fail Rev. 2025;30:469–476. doi: 
10.1007/s10741-024-10477-9

 77. Kerrigan D, Williams CT, Ehrman JK, Saval MA, Bronsteen K, Schairer 
JR, Swaffer M, Brawner CA, Lanfear DE, Selektor Y, et al. Cardiac reha-
bilitation improves functional capacity and patient-reported health status 
in patients with continuous flow left ventricular assist devices. the Rehab-
VAD randomized controlled trial. JACC Heart Fail. 2014;2:653–659. doi: 
10.1016/j.jchf.2014.06.011

 78. Liao YW, Redfern J, Somauroo JD, Cooper RM. Hypertrophic cardiomy-
opathy and exercise restrictions: time to let the shackles off? Br J Cardiol. 
2020;27:11. doi: 10.5837/bjc.2020.011

 79. Mounsey LA, Guo M, Lau ES, Ho JE. Exercise training in heart failure: 
clinical benefits and mechanisms. Circ Res. 2025;137:273–289. doi: 
10.1161/CIRCRESAHA.124.325533

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6

https://acsm.org/education-resources/books/guidelines-exercise-testing-prescription/
https://acsm.org/education-resources/books/guidelines-exercise-testing-prescription/


C
LIN

IC
A
L S

TATE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LIN

E
S

Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456 TBD TBD, 2026 e19

Fleg et al Exercise Training in High-Risk Populations 

 80. Wang W, Tichnell C, Murray BA, Agafonova J, Cadrin-Tourigny J, Chelko 
S, Tandri H, Calkins H, James CA. Exercise restriction is protective 
for genotype-positive family members of arrhythmogenic right ven-
tricular cardiomyopathy patients. Europace. 2020;22:1270–1278. doi: 
10.1093/europace/euaa105

 81. Lampert R, Day S, Ainsworth B, Burg M, Marino BS, Salberg L, Tome Esteban 
MT, Abrams DJ, Aziz PF, Barth C, et al. Vigorous exercise in patients with 
congenital long QT syndrome: results of the prospective, observational, 
multinational LIVE-LQTS study. Circulation. 2024;150:516–530. doi: 
10.1161/CIRCULATIONAHA.123.067590

 82. MacNamara JP, Dias KA, Hearon CM Jr, Ivey E, Delgado VA, Saland S, 
Samels M, Hieda M, Turer AT, Link MS, et al. Randomized controlled 
trial of Moderate- and high-intensity exercise training in patients with 
hypertrophic cardiomyopathy: effects on fitness and cardiovascu-
lar response to exercise. J Am Heart Assoc. 2023;12:e031399. doi: 
10.1161/JAHA.123.031399

 83. Kaddoura R, Al-Tamimi H. Physical exercise and arrhythmogenic right ven-
tricular cardiomyopathy/dysplasia: an overview. Heart Views. 2022;23:215–
220. doi: 10.4103/heartviews.heartviews_70_22

 84. Pandey A, Segar MW, Singh S, Reeves G, O’Connor C, Pina I, Whellan D, 
Kraus W, Mentz R, Kitzman D. Frailty status modifies the efficacy of exercise 
training among patients with chronic heart failure and reduced ejection frac-
tion: an analysis from the HF-ACTION Trial. Circulation. 2022;146:80–90. 
doi: 10.1161/CIRCULATIONAHA.122.059983

 85. Casas-Herrero A, Saez de Asteasu ML, Anton-Rodrigo I, Sanchez-Sanchez 
JL, Montero-Odasso M, Marin-Epelde I, Ramon-Espinoza F, 
Zambom-Ferraresi F, Petidier-Torregrosa R, Elexpuru-Estomba J, et al. 
Effects of Vivifrail multicomponent intervention on functional capacity: a 
multicentre, randomized controlled trial. J Cachexia Sarcopenia Muscle. 
2022;13:884–893. doi: 10.1002/jcsm.12925

 86. Fountotos R, Lauck S, Piazza N, Martucci G, Arora R, Asgar A, Forcillo J, 
Kouz R, Labinaz M, Lamy A, et al. Protein and exercise to reverse frailty in 
older men and women undergoing transcatheter aortic valve replacement: 
design of the PERFORM-TAVR trial. Can J Cardiol. 2024;40:267–274. doi: 
10.1016/j.cjca.2023.11.037

 87. Afilalo J. Evaluating and treating frailty in cardiac rehabilitation. Clin Geriatr 

Med. 2019;35:445–457. doi: 10.1016/j.cger.2019.07.002
 88. Mackay-Lyons MJ, Makrides L. Exercise capacity early after stroke. Arch 

Phys Med Rehabil. 2002;83:1697–1702. doi: 10.1053/apmr.2002.36395
 89. Moncion K, Rodrigues L, Wiley E, Noguchi KS, Negm A, Richardson J, 

MacDonald MJ, Roig M, Tang A. Aerobic exercise interventions for promot-
ing cardiovascular health and mobility after stroke: a systematic review with 
Bayesian network meta-analysis. Br J Sports Med. 2024;58:392–400. doi: 
10.1136/bjsports-2023-107956

 90. Cheon DY, Han KD, Lee YJ, Lee JH, Park MS, Kim DY, Choi JH, Lee 
SJ, Yu KH, Han S, et al. Association between physical activity chang-
es and incident myocardial infarction after ischemic stroke: a nation-
wide population-based study. BMC Public Health. 2024;24:1241. doi: 
10.1186/s12889-024-18724-2

 91. MacKay-Lyons M, Billinger SA, Eng JJ, Dromerick A, Giacomantonio 
N, Hafer-Macko C, Macko R, Nguyen E, Prior P, Suskin N, et al. Aero-
bic exercise recommendations to optimize best practices in care after 
stroke: AEROBICS 2019 update. Phys Ther. 2020;100:149–156. doi: 
10.1093/ptj/pzz153

 92. Marzolini S, Robertson AD, Oh P, Goodman JM, Corbett D, Du X, 
MacIntosh BJ. Aerobic training and mobilization early post-stroke: 
cautions and considerations. Front Neurol. 2019;10:1187. doi: 
10.3389/fneur.2019.01187

 93. Cuccurullo SJ, Fleming TK, Petrosyan H. Integrating cardiac rehabilitation 
in stroke recovery. Phys Med Rehabil Clin N Am. 2024;35:353–368. doi: 
10.1016/j.pmr.2023.06.007

 94. Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, Deruyter 
F, Eng JJ, Fisher B, Harvey RL, et al; on behalf of the American Heart As-
sociation Stroke Council, Council on Cardiovascular and Stroke Nursing, 
Council on Clinical Cardiology, and Council on Quality of Care and Out-
comes Research. Guidelines for adult stroke rehabilitation and recovery: a 
guideline for healthcare professionals from the American Heart Associa-
tion/American Stroke Association [published correction appears in Stroke. 
2017;48:e78 and Stroke. 2017;48:e369]. Stroke. 2016;47:e98–e169. doi: 
10.1161/STR.0000000000000098

 95. Rocchi M, Routhier F, Latimer-Cheung AE, Ginis KAM, Noreau L, Sweet 
SN. Are adults with spinal cord injury meeting the spinal cord injury-specific 
physical activity guidelines? A look at a sample from a Canadian province. 
Spinal Cord. 2017;55:454–459. doi: 10.1038/sc.2016.181

 96. Vivodtzev I, Taylor JA. Cardiac, autonomic, and cardiometabolic impact of 
exercise training in spinal cord injury: a qualitative review. J Cardiopulm 

Rehabil Prev. 2021;41:6–12. doi: 10.1097/HCR.0000000000000564
 97. Tekeoglu S. Prevalence and risk factors of cardiovascular disease in rheu-

matoid arthritis patients: a comparative analysis of real-world data. Int J 

Gen Med. 2024;17:5859–5868. doi: 10.2147/IJGM.S490916
 98. Berry MJ, Brubaker PH, O’Toole ML, Rejeski WJ, Soberman J, Ribisl 

PM, Miller HS, Afable RF, Applegate W, Ettinger WH. Estimation of 
VO

2
 in older individuals with osteoarthritis of the knee and cardio-

vascular disease. Med Sci Sports Exerc. 1996;28:808–814. doi: 
10.1097/00005768-199607000-00006

 99. Ekdahl C, Broman G. Muscle strength, endurance, and aerobic capacity in 
rheumatoid arthritis: a comparative study with healthy subjects. Ann Rheum 

Dis. 1992;51:35–40. doi: 10.1136/ard.51.1.35
 100. Lange E, Kucharski D, Svedlund S, Svensson K, Bertholds G, Gjertsson I, 

Mannerkorpi K. Effects of aerobic and resistance exercise in older adults 
with rheumatoid arthritis: a randomized controlled trial. Arthritis Care Res 

(Hoboken). 2019;71:61–70. doi: 10.1002/acr.23589
 101. Kelley GA, Kelley KS, Callahan LF. Aerobic exercise and fatigue in rheu-

matoid arthritis participants: a meta-analysis using the minimal important 
difference approach. Arthritis Care Res (Hoboken). 2018;70:1735–1739. 
doi: 10.1002/acr.23570

 102. Hu H, Xu A, Gao C, Wang Z, Wu X. The effect of physical exercise on 
rheumatoid arthritis: an overview of systematic reviews and meta-analysis. 
J Adv Nurs. 2021;77:506–522. doi: 10.1111/jan.14574

 103. Azeez M, Clancy C, O’Dwyer T, Lahiff C, Wilson F, Cunnane G. Benefits of 
exercise in patients with rheumatoid arthritis: a randomized controlled trial 
of a patient-specific exercise programme. Clin Rheumatol. 2020;39:1783–
1792. doi: 10.1007/s10067-020-04937-4

 104. Nordén KR, Semb AG, Dagfinrud H, Hisdal J, Sexton J, Fongen C, Bakke E, 
Ødegård S, Skandsen J, Blanck T, et al. Effect of high-intensity interval train-
ing in physiotherapy primary care for patients with inflammatory arthritis: 
the ExeHeart randomised controlled trial. RMD Open. 2024;10:e003440. 
doi: 10.1136/rmdopen-2023-003440

 105. Weng Q, Goh S-L, Wu J, Persson MSM, Wei J, Sarmanova A, Li X, Hall 
M, Doherty M, Jiang T, et al. Comparative efficacy of exercise therapy and 
oral non-steroidal anti-inflammatory drugs and paracetamol for knee or hip 
osteoarthritis: a network meta-analysis of randomised controlled trials. Br J 

Sports Med. 2023;57:990–996. doi: 10.1136/bjsports-2022-105898
 106. Vincent KR, Vasilopoulos T, Montero C, Vincent HK. Eccentric and concen-

tric resistance exercise comparison for knee osteoarthritis. Med Sci Sports 

Exerc. 2019;51:1977–1986. doi: 10.1249/MSS.0000000000002010
 107. Bennell KL, Nelligan RK, Kimp AJ, Schwartz S, Kasza J, Wrigley TV, Metcalf 

B, Hodges PW, Hinman RS. What type of exercise is most effective for 
people with knee osteoarthritis and co-morbid obesity? The TARGET ran-
domized controlled trial. Osteoarthritis Cartilage. 2020;28:755–765. doi: 
10.1016/j.joca.2020.02.838

 108. Smolis-Bak E, Rymuza H, Kazimierska B, Kowalik I, Chwyczko T, Borowiec 
A, Rongies W, Jankowska A, Szwed H, Dabrowski R. Improvement of exer-
cise tolerance in cardiopulmonary testing with sustained safety after regular 
training in outpatients with systolic heart failure (NYHA III) and an implant-
able cardioverter-defibrillator: prospective 18-month randomized study. 
Arch Med Sci. 2017;13:1094–1101. doi: 10.5114/aoms.2016.61938

 109. Kaddoura R, Al-Tamimi H, Abushanab D, Hayat S, Papasavvas T. Cardiac 
rehabilitation for participants with implantable cardiac devices: a sys-
tematic review and meta-analysis. Int J Cardiol Cardiovasc Risk Prev. 
2024;21:200255. doi: 10.1016/j.ijcrp.2024.200255

 110. Nielsen KM, Zwisler A-D, Taylor RS, Svendsen JH, Lindschou J, Anderson 
L, Jakobsen JC, Berg SK. Exercise-based cardiac rehabilitation for adult 
patients with an implantable cardioverter defibrillator. Cochrane Database 

Syst Rev. 2019;2:CD011828. doi: 10.1002/14651858.CD011828.pub2
 111. Isaksen K, Morken IM, Munk PS, Larsen AI. Exercise training and cardi-

ac rehabilitation in patients with implantable cardioverter defibrillators: a 
review of current literature focusing on safety, effects of exercise train-
ing, and the psychological impact of programme participation. Eur J Prev 

Cardiol. 2012;19:804–812. doi: 10.1177/1741826711414624
 112. Pandey A, Parashar A, Moore C, Ngo C, Salahuddin U, Bhargava M, 

Kumbhani DJ, Piccini JP, Fonarow GC, Berry JD. Safety and efficacy of 
exercise training in patients with an implantable cardioverter-defibrillator:  
a meta-analysis. JACC Clin Electrophysiol. 2017;3:117–126. doi: 
10.1016/j.jacep.2016.06.008

 113. Alswyan AH, Liberato ACS, Dougherty CM. A systematic review of exercise 
training in patients with cardiac implantable devices. J Cardiopulm Rehabil 

Prev. 2018;38:70–84. doi: 10.1097/HCR.0000000000000289

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6



C
LI

N
IC

A
L 

S
TA

TE
M

E
N

T
S
 

A
N

D
 G

U
ID

E
LI

N
E
S

TBD TBD, 2026 Circulation. 2026;154:e00–e00. DOI: 10.1161/CIR.0000000000001456e20

Fleg et al Exercise Training in High-Risk Populations 

 114. Steinhaus DA, Lubitz SA, Noseworthy PA, Kramer DB. Exercise interventions 
in patients with implantable cardioverter-defibrillators and cardiac resyn-
chronization therapy: a systematic review and meta-analysis. J Cardiopulm 

Rehabil Prev. 2019;39:308–317. doi: 10.1097/HCR.0000000000000389
 115. Ahn J, Lee BJ, Roh S-Y, Kim BK, Kim JY, Kim L, Jang KT, Lee S-H, Choe 

JC, Park JS, et al. Role of early short-term cardiac rehabilitation in patients 
undergoing pacemaker implantation. Rev Cardiovasc Med. 2021;22:1603–
1610. doi: 10.31083/j.rcm2204166

 116. Jayaprabha Surendran P, Jacob P, Loureiro Diaz J, Selvamani DK, Mathew 
G, Swaminathan N. Optimizing recovery: a systematic scoping review of up-
per extremity exercise immediately after cardiac implantable electronic de-
vice implantation. Cardiology. 2025;150:36–47. doi: 10.1159/000538793

 117. Gutiérrez OJ. Cardiac implantable devices during exercise: normal 
function and troubleshooting. J Arrhythm. 2021;37:660–668. doi: 
10.1002/joa3.12529

 118. Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary 
RA, Richardson CR, Smith DT, Swartz AM; on behalf of the American 
Heart Association Physical Activity Committee of the Council on Lifestyle 
and Cardiometabolic Health and Cardiovascular, Exercise, Cardiac 
Rehabilitation and Prevention Committee of the Council on Clinical 
Cardiology, and Council on Cardiovascular and Stroke Nursing. Guide 
to the assessment of physical activity: clinical and research applications: 
a scientific statement from the American Heart Association. Circulation. 
2013;128:2259–2279. doi: 10.1161/01.cir.0000435708.67487.da

 119. Iliou MC, Blanchard JC, Lamar-Tanguy A, Cristofini P, Ledru F. Cardiac reha-
bilitation in patients with pacemakers and implantable cardioverter defibrilla-
tors. Monaldi Arch Chest Dis. 2016;86:756. doi: 10.4081/monaldi.2016.756

 120. Kerrigan DJ, Williams CT, Brawner CA, Ehrman JK, Saval MA, Peterson 
EL, Lanfear DE, Tita C, Velez M, Selektor Y, et al. Heart rate and V·O2 con-
cordance in continuous-flow left ventricular assist devices. Med Sci Sports 

Exerc. 2016;48:363–367. doi: 10.1249/MSS.0000000000000776
 121. Portuguez Jaramillo NE, Ceron AP, Pineros Alvarez JL, Giron Ruiz E, 

Castro Gomez C. Effects of cardiac rehabilitation in patients with ventricu-
lar assist devices: a scoping review. J Extra Corpor Technol. 2024;56:128–
135. doi: 10.1051/ject/2024017

 122. Bachmann JM, Duncan MS, Shah AS, Greevy RA, Lindenfeld J, Keteyian 
SJ, Thomas RJ, Whooley MA, Wang TJ, Freiberg MS. Association of car-
diac rehabilitation with decreased hospitalizations and mortality after ven-
tricular assist device implantation. JACC Heart Fail. 2018;6:130–139. doi: 
10.1016/j.jchf.2017.11.002

 123. Hayes K, Leet AS, Bradley SJ, Holland AE. Effects of exercise training on 
exercise capacity and quality of life in patients with a left ventricular assist 
device: a preliminary randomized controlled trial. J Heart Lung Transplant. 
2012;31:729–734. doi: 10.1016/j.healun.2012.02.021

 124. Karapolat H, Engin C, Eroglu M, Yagdi T, Zoghi M, Nalbantgil S, Durmaz 
B, Kirazlı Y, Ozbaran M. Efficacy of the cardiac rehabilitation program in 
patients with end-stage heart failure, heart transplant patients, and left 
ventricular assist device recipients. Transplant Proc. 2013;45:3381–3385. 
doi: 10.1016/j.transproceed.2013.06.009

 125. Kugler C, Malehsa D, Schrader E, Tegtbur U, Guetzlaff E, Haverich A, 
Strueber M. A multi-modal intervention in management of left ventricu-
lar assist device outpatients: dietary counselling, controlled exercise and 
psychosocial support. Eur J Cardiothorac Surg. 2012;42:1026–1032. doi: 
10.1093/ejcts/ezs206

 126. Laoutaris ID, Dritsas A, Adamopoulos S, Manginas A, Gouziouta A, 
Kallistratos MS, Koulopoulou M, Voudris V, Cokkinos DV, Sfirakis P. 
Benefits of physical training on exercise capacity, inspiratory muscle func-
tion, and quality of life in patients with ventricular assist devices long-term 
postimplantation. Eur J Cardiovasc Prev Rehabil. 2011;18:33–40. doi: 
10.1097/HJR.0b013e32833c0320

 127. Marko C, Danzinger G, Käferbäck M, Lackner T, Müller R, Zimpfer D, 
Schima H, Moscato F. Safety and efficacy of cardiac rehabilitation for pa-
tients with continuous flow left ventricular assist devices. Eur J Prev Cardiol. 
2015;22:1378–1384. doi: 10.1177/2047487314558772

 128. Pistono M, Giordano A, Gnemmi M, Gambarin FI, Granata M, Imparato A, 
Temporelli PL, Mannucci L, Prolo S, Corrà U. The pivotal role of an early 
post-acute cardiac rehabilitation as an evidence-based management of 
left ventricular assist device patients. Artif Organs. 2025;49:886–893. doi: 
10.1111/aor.14940

 129. Scaglione A, Panzarino C, Modica M, Tavanelli M, Pezzano A, Grati P, 
Racca V, Toccafondi A, Bordoni B, Verde A, et al. Short- and long-term 
effects of a cardiac rehabilitation program in patients implanted with 
a left ventricular assist device. PLoS One. 2021;16:e0259927. doi: 
10.1371/journal.pone.0259927

 130. Adamopoulos S, Corra U, Laoutaris ID, Pistono M, Agostoni PG, Coats 
AJS, Crespo Leiro MG, Cornelis J, Davos CH, Filippatos G, et al. Exercise 
training in patients with ventricular assist devices: a review of the evidence 
and practical advice: a position paper from the Committee on Exercise 
Physiology and Training and the Committee of Advanced Heart Failure of 
the Heart Failure Association of the European Society of Cardiology. Eur J 

Heart Fail. 2019;21:3–13. doi: 10.1002/ejhf.1352
 131. Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal M, 

Pescatello LS. Updating ACSM’s recommendations for exercise prepartici-
pation health screening. Med Sci Sports Exerc. 2015;47:2473–2479. doi: 
10.1249/MSS.0000000000000664

 132. Kim JH, Baggish AL, Levine BD, Ackerman MJ, Day SM, Dineen EH, 
Guseh JS 2nd, La Gerche A, Lampert R, Martinez MW, et al; on behalf 
of the American Heart Association Leadership Committee of the Council 
on Clinical Cardiology; Council on Basic Cardiovascular Sciences; Council 
on Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery 
and Anesthesia; Council on Peripheral Vascular Disease; and American 
College of Cardiology. Clinical considerations for competitive sports partici-
pation for athletes with cardiovascular abnormalities: a scientific statement 
from the American Heart Association and American College of Cardiology 
[published correction appears in Circulation. 2025;151:e864]. Circulation. 
2025;151:e716–e761. doi: 10.1161/CIR.0000000000001297

 133. Lampert R, Ackerman MJ, Marino BS, Burg M, Ainsworth B, Salberg L, 
Tome Esteban MT, Ho CY, Abraham R, Balaji S, et al; LIVE Consortium. 
Vigorous exercise in patients with hypertrophic cardiomyopathy. JAMA 

Cardiol. 2023;8:595–605. doi: 10.1001/jamacardio.2023.1042
 134. Milanović Z, Sporiš G, Weston M. Effectiveness of high-intensity interval 

training (HIT) and continuous endurance training for VO2max improve-
ments: a systematic review and meta-analysis of controlled trials. Sports 

Med. 2015;45:1469–1481. doi: 10.1007/s40279-015-0365-0
 135. Saberi S, Wheeler M, Bragg-Gresham J, Hornsby W, Agarwal PP, Attili 

A, Concannon M, Dries AM, Shmargad Y, Salisbury H, et al. Effect of 
moderate-intensity exercise training on peak oxygen consumption in pa-
tients with hypertrophic cardiomyopathy: a randomized clinical trial. JAMA. 
2017;317:1349–1357. doi: 10.1001/jama.2017.2503

 136. James CA, Bhonsale A, Tichnell C, Murray B, Russell SD, Tandri H, 
Tedford RJ, Judge DP, Calkins H. Exercise increases age-related pen-
etrance and arrhythmic risk in arrhythmogenic right ventricular dysplasia/ 
cardiomyopathy-associated desmosomal mutation carriers. J Am Coll 

Cardiol. 2013;62:1290–1297. doi: 10.1016/j.jacc.2013.06.033
 137. Gray B, Lampert R, Papadakis M. Return to play with genetic heart disease: the 

importance of developing a personalized emergency action plan. Circulation. 
2025;151:893–895. doi: 10.1161/CIRCULATIONAHA.124.072830

 138. Schwartz PJ, Stramba-Badiale M, Crotti L, Pedrazzini M, Besana A, Bosi 
G, Gabbarini F, Goulene K, Insolia R, Mannarino S, et al. Prevalence of 
the congenital long-QT syndrome. Circulation. 2009;120:1761–1767. doi: 
10.1161/CIRCULATIONAHA.109.863209

 139. Lampert R, Chung EH, Ackerman MJ, Arroyo AR, Darden D, Deo R, 
Dolan J, Etheridge SP, Gray BR, Harmon KG, et al. 2024 HRS expert 
consensus statement on arrhythmias in the athlete: evaluation, treat-
ment, and return to play. Heart Rhythm. 2024;21:e151–e252. doi: 
10.1016/j.hrthm.2024.05.018

 140. Thomas RJ, Beatty AL, Beckie TM, Brewer LC, Brown TM, Forman DE, 
Franklin BA, Keteyian SJ, Kitzman DW, Regensteiner JG, et al. Home-
based cardiac rehabilitation: a scientific statement from the American 
Association of Cardiovascular and Pulmonary Rehabilitation, the American 
Heart Association, and the American College of Cardiology. Circulation. 
2019;140:e69–e89. doi: 10.1161/CIR.0000000000000663

 141. Subramanian V, Betts T, Segar MW, Patel L, Keshvani N, Chandra A, Pandey 
A. m-Health based cardiac rehabilitation program for management of older 
patients with HFpEF: A Pilot RCT. JACC Heart Fail. 2025;13:653–656. 
doi: 10.1016/j.jchf.2024.10.024

 142. Golbus JR, Lopez-Jimenez F, Barac A, Cornwell WK 3rd, Dunn P, Forman DE, 
Martin SS, Schorr EN, Supervia M, Exercise CR; on behalf of the Exercise, 
Cardiac Rehabilitation and Secondary Prevention Committee of the Council on 
Clinical Cardiology; Council on Lifelong Congenital Heart Disease and Heart 
Health in the Young; Council on Quality of Care and Outcomes Research; and 
Council on Cardiovascular and Stroke Nursing. Digital technologies in car-
diac rehabilitation: a science advisory from the American Heart Association. 
Circulation. 2023;148:95–107. doi: 10.1161/CIR.0000000000001150

 143. Vetrovsky T, Siranec M, Marencakova J, Tufano JJ, Capek V, Bunc V, 
Belohlavek J. Validity of six consumer-level activity monitors for measuring 
steps in patients with chronic heart failure. PLoS One. 2019;14:e0222569. 
doi: 10.1371/journal.pone.0222569

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y
 o

n
 Ju

ly
 1

0
, 2

0
2
6


	Exercise Training in High-Risk Populations: A Scientific Statement From the American Heart Association
	Older Adults With Frailty
	Stroke
	Spinal Cord Injury
	Severe Arthritis
	Cardiac Implantable Electronic Devices
	Advanced HF
	Left Ventricular Assist Devices
	Heart Transplantation

	Inherited Cardiomyopathies
	Hypertrophic Cardiomyopathy
	Arrhythmogenic Cardiomyopathy
	Channelopathies

	Patient-Reported Outcomes Measures Across Conditions
	Gaps and Future Directions
	Conclusions
	Article Information
	Disclosures

	References


