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The effect of exercise training on risk of death 

in patients with heart failure

ExTraMatch collaborative, BMJ, 2004
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Home-based program

 Reasonable alternative in relatively low-risk patients

 Components 
 Regular clinic follow-up

 Planned communication

 Management by rehabilitation nurses and other specially trained 
personnel

 Periodic trans-telephonic ECG monitoring → recently, using IT-based 
technology

 Comparable (to conventional supervised program) 
improvements in functional capacity, without reported 
complications
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Examples of wearable devices used in 

health and cardiovascular disease

Current Heart Failure Reports volume 17, pages125–132 (2020)



심장재활 임상진료지침
 외국임상진료지침권고사항

스코틀랜드(SIGN 2017) (권고강도 Conditional / 근거수준 1++)
1) Technology-based interventions should be considered for patients participating in
cardiac rehabilitation.
2) Psychoeducation (goal setting, self-monitoring) should be considered for patients in cardiac rehabilitation to 

facilitate adherence to physical activity

국내진료지침:

Korean Circ J. 2019 Nov;49(11):1066-1111



Hybrid Cardiac Rehabilitation
 A combination of center-based and home-based counseling and exercise 

(CBCR & HBCR)

 No standardized protocol

 Core components should be included:
 baseline patient assessment

 nutritional evaluation and counseling

 risk factor management (weight management, blood pressure, lipids, and 
diabetes)

 tobacco cessation counseling

 psychosocial assessment and management

 physical activity (PA) counseling

 exercise training. 

 Monitoring of HBCR
 Live remote monitoring

 Delayed review or CR data



Clinical trials of hybrid CR



HF-ACTION:
Flow of Participants



HF-ACTION:
(mortality + hospitalization)

JAMA 2009 Apr 8;301(14):1439-50.

13% reduction of composite primary end point



HF-ACTION: Why???

Optimal medical care
Poor adherence of home-based program

average exercise time in training group 60 min/wk
(120 min/wk expected)

relatively low gain in peak Vo2 in the training group 
(0.6 ml/kg/min = 4% increase): average 17% increase 
in other controlled studies

Cross-over of usual care group
at least 8% was doing exercise on their own
In usual care group, 55% of patients were dissatisfied 

with treatment assignment. (2% in exercise group)
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HF-ACTION:
Adherence to prescribed exercise



HF-ACTION: 

Patient-reported health status
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JAMA. 2009;301:1451-1459



심장재활의임상현장및지역사회
이행제고전략개발연구

제 2 세부과제

심부전환자의심장재활프로그램참여율및이
행율제고방안개발및타당성검증

한국진료현장에서적합하고유효한 hybrid CR 
프로그램의확립

Not randomized trial, adopted quasi-experimental 
design



PICO

 P: 삼성서울병원에입원치료를받는심부전환자
(심장이식, LVAD 시술등포함, 외래심장재활프로그램에내원한환자포함)

 I: Hybrid type comprehensive cardiac rehabilitation

 Center-based + home-based mixed

 Monitoring method for HBCR: 
telephone follow-up ± physical activity monitoring

 C: Usual care (심장재활시행치않음)

 O: Primary outcome

 총사망 + 입원

 운동능력: 6분걷기또는심폐기능검사 (시행할 수있는경우에)

 퇴원후외래심장재활 참여여부및이행률 (center-based session 참여횟수, home-based program 이행
은설문과 device를 이용한활동량측정)

 Secondary outcome: psycho-social outcomes 

 삶의질 (generic & disease-specific)

 우울및불안

 직업및일상생활복귀



Baseline characteristics
Variables Total Intervention Control p

N 78 49 29

Age (years) 60.3 ± 12.4 (78) 55.6 ± 12.0 (49) 68.4 ± 8.5 (29) < 0.0001

Female (%) 32.1 (25/78) 30.6 (15/49) 34.5 (10/29) 0.92

Duration of HF (years) 0.8 (0.0 - 5.0) (74) 0.5 (0.0 - 2.9) (49) 2.2 (0.0 - 5.6) (25) 0.32

Hypertension (%) 50.6 (39/77) 46.9 (23/49) 57.1 (16/28) 0.53

DM (%) 28.2 (22/78) 18.4 (9/49) 44.8 (13/29) < 0.05

Current Smoking (%) 5.7 (4/70) 2.0 (1/49) 14.3 (3/21) 0.14

Body mass index (%) 23.4 ± 3.5 (78) 23.4 ± 4.0 (49) 23.3 ± 2.7 (29) 0.95

Muscle mass (kg) 25.2 ± 6.6 (36) 25.0 ± 6.8 (34) 27.5 ± 2.1 (2)

Residence in Seoul (%) 30.8 (24/78) 44.9 (22/49) 6.9 (2/29) < 0.01

Duration of admission (days) 11.0 (6.0 - 21.0) (78) 11.0 (5.0 - 20.0) (49) 11.0 (8.0 - 22.0) (29) 0.36

Previous PCI (%) 29.5 (23/78) 26.5 (13/49) 34.5 (10/29) 0.63

Inpatient CR (%) 85.9 (67/78) 79.6 (39/49) 96.6 (28/29)

Outpatient CR (%) 55.3 (42/76) 75.5 (37/49) 18.5 (5/27) < 0.0001

Activity tracking (%) 51.3 (40/78) 79.6 (39/49) 3.4 (1/29) < 0.0001

6 MWD (m) 391.2 ± 132.4 (43) 394.0 ± 128.3 (34) 380.6 ± 154.8 (9) 1.00

CCI 2.3 ± 1.5 (78) 2.1 ± 1.3 (49) 2.7 ± 1.7 (29) 0.13

KASI score 42.9 ± 19.3 (52) 43.0 ± 18.2 (47) 42.4 ± 30.7 (5) 0.89

eq_vas 71.8 ± 18.4 (52) 73.0 ± 17.1 (47) 61.0 ± 28.8 (5) 0.39

PHQ9 score 17.0 ± 5.5 (52) 16.9 ± 5.2 (47) 17.8 ± 8.9 (5) 0.91

MLWHFQ score 67.4 ± 26.4 (52) 67.5 ± 26.6 (47) 66.0 ± 27.4 (5) 0.70



Data at 3 months follow-up

Variables Total Intervention Control p

N 57 39 18

Center-based CR attendance no. 4.4 ± 7.7 (57) 6.3 ± 8.7 (39) 0.3 ± 1.4 (18) < 0.05

Return to work (%) 34.9 (15/43) 39.5 (15/38) 0 (0/5) 0.14

ER visit (%) 5.5 (3/55) 2.6 (1/39) 12.5 (2/16) 0.20

Readmission (%) 14.5 (8/55) 7.7 (3/39) 31.2 (5/16) < 0.05

All-cause death (%) 0 (0/55) 0 (0/39) 0 (0/16)

Cardiovascular death(%) 0 (0/55) 0 (0/39) 0 (0/16)

6 MWD (m) 449.6 ± 124.9 (40) 453.9 ± 125.4 (36) 411.2 ± 131.2 (4) < 0.0001

CCI 2.1 ± 1.3 (57) 2.1 ± 1.3 (39) 2.1 ± 1.4 (18) < 0.001

KASI score 54.5 ± 13.6 (38) 55.0 ± 13.4 (37) 35.7 ± 0 (1) < 0.0001

eq_vas 78.4 ± 17.1 (38) 79.2 ± 16.6 (37) 50.0 ± 0 (1) < 0.0001

PHQ9 score 14.3 ± 5.7 (38) 14.5 ± 5.7 (37) 9.0 ± 0 (1) < 0.0001

MLWHFQ score 45.2 ± 20.9 (38) 45.0 ± 21.2 (37) 52.0 ± 0 (1) < 0.0001



Baseline characteristics 

of the non-participants
Variables Total Study Registry p

N 113 62 51

Age (years) 63.5 ± 12.9 (113) 58.0 ± 11.9 (62) 70.2 ± 10.9 (51) < 0.0001

Female (%) 29.2 (33/113) 27.4 (17/62) 31.4 (16/51) 0.80

Duration of HF (years) 0.7 (0.0 - 3.9) (111) 1.0 (0.0 - 5.4) (62) 0.5 (0.0 - 2.5) (49) 0.40

Hypertension (%) 56.6 (64/113) 45.2 (28/62) 70.6 (36/51) < 0.05

DM (%) 38.1 (43/113) 22.6 (14/62) 56.9 (29/51) < 0.001

Current Smoking (%) 8.0 (9/113) 3.2 (2/62) 13.7 (7/51) 0.09

Body mass index (%) 22.6 ± 3.8 (112) 23.3 ± 3.6 (62) 21.9 ± 3.9 (50) 0.05

Residence in Seoul (%) 33.6 (38/113) 35.5 (22/62) 31.4 (16/51) 0.79

Duration of admission 

(days)
11.0 (6.0 - 21.0) (113) 11.0 (5.2 - 20.8) (62) 10.0 (6.0 - 23.0) (51) 0.88

Previous PCI (%) 27.4 (31/113) 27.4 (17/62) 27.5 (14/51) 1.00

CRT(%) 6.2 (7/113) 9.7 (6/62) 2.0 (1/51) 0.19

LVAD (%) 9.7 (11/113) 12.9 (8/62) 5.9 (3/51) 0.35

Heart transplantation (%) 4.4 (5/113) 3.2 (2/62) 5.9 (3/51) 0.82

Inpatient CR (%) 86.7 (98/113) 85.5 (53/62) 88.2 (45/51) 0.88

Outpatient CR (%) 47.8 (54/113) 77.4 (48/62) 11.8 (6/51) < 0.0001

6 MWD (m) 407.7 ± 128.0 (39) 404.6 ± 129.0 (37) 465.5 ± 129.4 (2) 0.68

CCI 2.6 ± 1.6 (113) 2.4 ± 1.6 (62) 2.9 ± 1.5 (51) < 0.05



The 

Rehabilitation 

Therapy in Older 

Acute Heart 

Failure Patients 

(REHAB-HF) trial





Outcomes

N Engl J Med 2021;385:203-16. DOI: 10.1056/NEJMoa2026141





N Engl J Med 2021;385:203-16. DOI: 10.1056/NEJMoa2026141



Lessons

Behavioral intervention is definitely more 
difficult to perform than pharmacological trial.

Effects depend crucially on patient motivation.

Previous trials frequently exclude elderly 
patients with multiple comorbidities or frailty.

The patients with the greatest need are rarely 
studied.
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What should be done?

Adherence is important!

Alternatives? 

Proper monitoring, follow-up & encouragement

Mobile technology

Need to achieve actual improvement of 
aerobic fitness
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