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HFrEF improves prognosis,4,5 exercise capacity, and qual-
ity of life,6 and notably, reduces the risk of all-cause rehos-
pitalization7 and rehospitalization for HF.5,7 In HFrEF, 
reduced exercise capacity is primarily due to peripheral 
factors including loss of skeletal muscle mass, metabolic 
disturbances, reduced vasodilatation, and an amplified 
ergoreceptor reflex.8 Enhancements in exercise capacity in 
patients undergoing CR are largely attributable to improve-
ments in peripheral function.9

It has been suggested that CR has the greatest impact in 
the long term (>1 year) and may improve all-cause mortal-
ity, but has limited short-term efficacy (within 1 year).7 
Comprehensive CR increases long-term survival and 
reduces the rate of rehospitalization for HF in patients 
with chronic HF.5 Moreover, CR improves left ventricular 
reverse remodeling, autonomic dysfunction, and vascular 
endothelial function in patients with HF.10

CR, primarily exercise therapy for HFrEF, has the 
potential to significantly impact life expectancy.4 While 
some reports suggest that CR may not significantly alter 
all-cause mortality or prevent HF hospitalization,11 CR 
does engender positive changes in quality of life and exer-
cise tolerance, underscoring the potential for CR to sig-
nificantly enhance the quality of life for patients with 
chronic HF. Consequently, the guidelines recommend CR 
for HFrEF at Recommendation Class I, Level of Evidence 

H eart failure (HF) is a syndrome in which dyspnea, 
fatigue, and edema occur as a result of cardiac 
dysfunction and leads to decreased exercise toler-

ance.1 HF may present as HF with reduced left ventricular 
ejection fraction (HFrEF), characterized by a left ventricu-
lar ejection fraction of ≤40%, or HF with preserved left 
ventricular ejection fraction (HFpEF). Specifically, HFrEF 
is typically coupled with progressive left ventricular 
enlargement and detrimental cardiac remodeling. The 
management of HFrEF is comprehensive and primarily 
involves pharmacologic treatment using cardioprotective 
agents such as a β-blocker along with either an angiotensin 
receptor-neprilysin inhibitor, an angiotensin receptor 
blocker, or an angiotensin-converting enzyme inhibitor as 
foundational therapy. Additionally, mineralocorticoid 
receptor antagonists and sodium-glucose cotransporter 2 
(SGLT2) inhibitors are recommended for patients who 
continue to experience symptoms. Ivabradine or vericiguat, 
soluble guanylate cyclase stimulators, can be added to the 
treatment of high-risk patients with HFrEF.2 Dietary and 
exercise therapies are also administered.

Cardiac rehabilitation (CR) for HFrEF is a Class I rec-
ommendation in the JCS/JACR 2021 guidelines on the 
rehabilitation in patients with cardiovascular disease; the 
active introduction of CR is strongly advised and has been 
proven to be efficacious for treatment of HFrEF.3 CR for 
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Heart failure (HF) with reduced left ventricular ejection fraction (HFrEF) is typically coupled with progressive left ventricular enlarge-
ment and detrimental cardiac remodeling. The management of HFrEF is comprehensive and primarily involves pharmacologic treat-
ment using cardioprotective agents. Cardiac rehabilitation (CR) is also strongly recommended as a treatment for HFrEF. The 
evidence on CR for HFrEF is accumulating. CR improves exercise tolerance, subjective symptoms caused by HF, quality of life, and 
rehospitalization rates. Furthermore, CR may improve all-cause mortality, although the improvement might not be evident in the short 
term (<1 year) but could potentially become more apparent over a longer period. In the upcoming era of super-aging and advance-
ments in information and communications technology, CR for HFrEF will also require updating. Further research on exercise therapy 
will require a comprehensive evaluation of the quality and nature of exercise and whether CR would be conducted in a home-based 
or remote setting; these studies should include older adults, and the findings have the potential to revolutionize the field of CR.

Key Words: Cardiac rehabilitation; Exercise; Heart failure; Heart failure with reduced ejection fraction

The 30th Japanese Association of Cardiac 
Rehabilitation Annual Meeting (2024)



Circulation Reports Vol.7, January 2025

5CR for HFrEF in Recovery to Maintenance Phase

Data Availability
None.

References
 1. Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart failure with 

reduced ejection fraction: A review. JAMA 2020; 324: 488 – 504.
 2. Shiga T, Suzuki T, Kida K, Suzuki A, Kohno T, Ushijima A, et 

al. Rationale and design of the effect of ivabradine on exercise 
tolerance in patients with chronic heart failure (EXCILE-HF) 
trial: Protocol for a multicenter randomized controlled trial. Circ 
Rep 2023; 5: 157 – 161.

 3. Makita S, Yasu T, Akashi YJ, Adachi H, Izawa H, Ishihara S, 
et al. JCS/JACR 2021 guideline on rehabilitation in patients with 
cardiovascular disease. Circ J 2023; 87: 155 – 235.

 4. O’Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, 
Ellis SJ, et al.; HF-ACTION Investigators. Efficacy and safety 
of exercise training in patients with chronic heart failure: 
HF-ACTION randomized controlled trial. JAMA 2009; 301: 
1439 – 1450.

 5. Kamiya K, Sato Y, Takahashi T, Tsuchihashi-Makaya M, 
Kotooka N, Ikegame T, et al. Multidisciplinary cardiac reha-
bilitation and long-term prognosis in patients with heart failure. 
Circ Heart Fail 2020; 13: e006798.

 6. Rees K, Taylor RS, Singh S, Coats AJ, Ebrahim S. Exercise based 
rehabilitation for heart failure. Cochrane Database Syst Rev 2004; 
(3): CD003331.

 7. Long L, Mordi IR, Bridges C, Sagar VA, Davies EJ, Coats AJ, 
et al. Exercise-based cardiac rehabilitation for adults with heart 
failure. Cochrane Database Syst Rev 2019; 1: CD003331.

 8. Okita K, Yonezawa K, Nishijima H, Hanada A, Ohtsubo M, 
Kohya T, et al. Skeletal muscle metabolism limits exercise capacity 
in patients with chronic heart failure. Circulation 1998; 98: 1886 –  
1891.

 9. Del Buono MG, Arena R, Borlaug BA, Carbone S, Canada JM, 
Kirkman DL, et al. Exercise intolerance in patients with heart 
failure: JACC State-of-the-Art Review. J Am Coll Cardiol 2019; 
73: 2209 – 2225.

10. Haykowsky MJ, Liang Y, Pechter D, Jones LW, McAlister FA, 
Clark AM. A meta-analysis of the effect of exercise training on 
left ventricular remodeling in heart failure patients: The benefit 
depends on the type of training performed. J Am Coll Cardiol 
2007; 49: 2329 – 2336.

11. Bjarnason-Wehrens B, Nebel R, Jensen K, Hackbusch M, Grilli 
M, Gielen S, et al. Exercise-based cardiac rehabilitation in patients 
with reduced left ventricular ejection fraction: The Cardiac 
Rehabilitation Outcome Study in Heart Failure (CROS-HF): A 
systematic review and meta-analysis. Eur J Prev Cardiol 2020; 27: 
929 – 952.

12. Kirsch M, Iliou MC, Vitiello D. Hemodynamic response to 
exercise training in heart failure with reduced ejection fraction 
patients. Cardiol Res 2024; 15: 18 – 28.

13. Sakurai S, Murata M, Yanai S, Nitta S, Yamashita Y, Shitara T, 
et al. Three weeks of inpatient cardiac rehabilitation improved 
metabolic exercise data combined with cardiac and kidney index 
scores for heart failure with a reduced ejection fraction. Circ Rep 
2023; 5: 231 – 237.

14. Malandish A, Gulati M. Effect of exercise interventions on 
inflammatory markers in overweight/obese patients with heart 
failure: A systematic review and meta-analysis of randomized 
controlled trials. Int J Cardiol Heart Vasc 2023; 47: 101234.

15. Wang T, Zhang L, Cai M, Tian Z. Effects of different exercise 
modalities on inhibiting left ventricular pathological remodeling 
in patients with heart failure with reduced ejection fraction: A 
systematic review and network meta-analysis. Life Sci 2023; 319: 
121511.

16. Vetrovsky T, Siranec M, Frybova T, Gant I, Svobodova I, Linhart 
A, et al. Lifestyle walking intervention for patients with heart 
failure with reduced ejection fraction: The WATCHFUL Trial. 
Circulation 2024; 149: 177 – 188.

17. Molloy CD, Long L, Mordi IR, Bridges C, Sagar VA, Davies EJ, 
et al. Exercise-based cardiac rehabilitation in adults with heart 
failure. Cochrane Database Syst Rev 2024; 3: CD003331.

A, further supporting CR’s potential benefits.
Recent studies have shown promising evidence for the 

CR of HFrEF. The peak oxygen uptake (peak V̇O2) is 
recommended as a measure of exercise tolerance improve-
ment in CR.3 Peak V̇O2 serves as the most effective dis-
criminator between responders and non-responders in 
HFrEF patients following the training program.12 CR also 
reported that 3 weeks of inpatient CR improved the meta-
bolic exercise cardiorenal index (MECKI) of HFrEF and 
could be a prognostic indicator.13 Aerobic exercise was 
effective in improving inflammatory markers of tumor 
necrosis factor-α, interleukin-6, and high-sensitivity 
C-reactive protein.14 Different exercise training types effec-
tively inhibit left ventricular pathological remodeling in 
patients with HFrEF.15 With respect to efficacy, there is 
greater potential for high-intensity interval training to 
transform CR.

In contrast, HFrEF patients increased their number of 
steps by 25% but did not show a significant improvement 
in their 6-min walking distance.16 Walking alone does not 
produce immediate results in exercise tolerance, even when 
the number of steps is increased. A recent Cochrane review 
states that there is no evidence of a difference in all-cause 
mortality between HF patients with exercise-based CR and 
those receiving usual care without exercise. However, exer-
cise-based rehabilitation is likely to reduce the risk of all-
cause and HF-related hospitalizations and may lead to 
important improvements in health-related quality of life.17 
Importantly, this review supports the promising future of 
exercise-based CR, which includes novel exercise methods 
such as home and digital support programs. There is a lack 
of evidence regarding CR for home-based or remote exer-
cise programs, as well as for older adults and female 
patients with HFrEF, and further research is expected in 
the future.

In summary, the evidence on CR for HFrEF is accumu-
lating. CR improves exercise tolerance, subjective symp-
toms caused by HF, quality of life, and rehospitalization 
rates. Furthermore, CR may improve all-cause mortality, 
although the improvement might not be evident in the 
short term (<1 year) but could potentially become more 
apparent over a longer period. In the coming era of super-
aging, information and communications technology devel-
opment, CR for HFrEF will also need to be updated. 
However, it is crucial to stress that further evidence should 
be gathered on how to implement exercise therapy such as 
high-intensity interval training, quality of walking, and 
home and remote CR, including older adults. The need for 
further research is urgent and the results could be transfor-
mative for the field of CR.
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