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The effect of exercise training on risk of death
In patients with heart failure

Training Control
No of at No of /No at Effect of exercise on survival Hazard ratio

Reference events/ risk % evenis/ risk % (95% CI)
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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



Examples of wearable devices used In
health and cardiovascular disease

o o)

Activity band:

“Smart” Watch: Patch: Vest:
Ac“|9'°’"9te’_a"d_/°' Heart rate, ECG and/or ECG and/or Multi-lead ECG
heart rate monitoring blood pressure monitoring pulmonary fluid and/or
monitoring pulmonary fluid
monitoring

w M
O Wy
&

o @ °
%-k o/ﬁ-
\

Encouraging exercise and
BP control

Predicting
decompensation

Monitoring activity

Detecting arrhythmia

l

Health and wellbeing Managing risk factors Managing comorbidities and
preventing hospitalisation

Current Heart Failure Reports volume 17, pages125-132 (2020)
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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
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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
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Clinical trials of hybrid CR

First Year Patients Age Women Non-White Cardiac LVEF LVEF  Comparator Participant
Author (N) (mean race pathologies inclusion (mean groups non-completion,
+ SD) or ethnicity included criteria + 5D} hybrid CR vs comparator

Campo 2020 235 76 +£5 23% NR Hospitalized for ACS >30% 50 + 5 Hybrid vs usual care  5.1% vs. 6.0%
Carlson 2000 80 594+9 18% NR CABG (29%) None NR Hybrid vs NR

Angioplasty (38%) center-based

MI (29%)

Positive angiography (5%)
Kitzman 2021 349 724+ 8 52% 49% Hospitalized for HF None NR* Hybrid vs usual care  14.9% vs 10.9%
Kraal 2017 90 594+ 8 1% NR ACS (59%) >45% NR Hybrid vs 17.8% vs 8.9%

Stable angina (12%) center-based

CABG (29%)
Marchionni 2003 270 69 +£9 23% MR <6 weeks post Ml >45% 51 +£ 1 Hybrid vs 17.8% vs 12.2%

center-based

O'Connor 2009 2331 59 4+ 12 28% 39% Outpatients with HF =35% 25 + 8 Hybrid vs usual care  7.3% vs 5.4%
Piotrowicz 2019 850 62 4+ 10 16% MR Outpatients with HF <40% 31 + 7 Hybrid vs usual care  9.2% vs 7.1%
Schuler 1992 92 53+06 0% NR Stable angina >35% 56 + 9 Hybrid vs usual care  23.2% vs 15.8%
Yu 2003 122 61 +£ 10 21% NR <6 weeks post MI (64%) None NR Hybrid vs usual care  NR

<6 weeks post elective
PCl(36%)

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CR, cardiac rehabilitation; HF, heart failure; LVEF, left ventricular ejection fraction; NR, not reported;
PCl, percutaneous coronary intervention; SD, standard deviation.
2 Kitzman et al. reported 47% of included patients had an LVEF <45%. The remainder were diagnosed with heart failure with preserved ejection fraction.



HF-ACTION:

Flow of Participants

[ Enrollment ]

l

Randomized to usual care
Received allocated intervention

(n=1172)
(n=1172)

Did not receive allocated intervention (n= 0)

l

Lost to follow-up (n=17)
Withdrew consent (n= 46)
Analyzed (clinical events) (n=1172)

Excluded from analysis (n=0)

[ Randomization J

[ Follow-Up ]

[ Analysis ]

l

Randomized to exercise intervention
Received allocated intervention

(n=1159)
(n=1133)

Did not receive allocated intervention (n= 26)

l

Lost to follow-up (n=22)
Withdrew consent (n=237)
Analyzed (clinical events) (n=1159)

Excluded from analysis (n=10)




HF-ACTION:

(mortality + hospitalization)

0.8

HR 0.87 (95% ClI: 0.75, 1.00), P = 0.06
0.71 +Adjusted HR 0.85 (95% ClI: 0.74, 0.99), P = 0.03

0.6

Event Rate
o o
~ 18}

o
w

= Jsual Care

0.1 —— Exercise
0 25 T 1
0 1 2 3
No. at Risk Years from Randomization
Usual Care 1172 937 616 342
Exercise Training 1159 952 626 344

13% reduction of composite primary end point

*Adjusted for key prognostic factors

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



HF-ACTION: Why?7??

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 Vo, 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)



HF-ACTION:

Adherence to prescribed exercise
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% Subjects Adhering to
Exercise Duration Goal

1-3 10-12 22-24 25-36
Follow-up Interval (months)

B Full Adherence 1 Partial Adherence



HF-ACTION:
Patient-reported health status

Usual Care Exercize Tralning
in=1171) n=1159)
| 1 1 Betwoen-Group
Parameter Estimate P Parameter Estimate P Differences in P
KCCOQ Scale 195%: CI) Valug"® (95%: Cl) Value® Changes i95% Cl) Value®
Crearal summary scaks
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of stucly
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of stuchy
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Abbreviations: Cl, confidence interval; KGO0, Kanaas City Cardiomyopathy Ouestionnains.
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» Not randomized trial, adopted quasi-experimental
design
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I: Hybrid type comprehensive cardiac rehabilitation

» Center-based + home-based mixed

» Monitoring method for HBCR:
telephone follow-up + physical activity monitoring
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O: Primary outcome
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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

Ccl 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
ccl 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
PHQO9 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
([();:)gon ofadmission 1 6 (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
CClI 2.6 £ 1.6 (113) 2.4 £ 1.6 (62) 2.9 £ 1.5(51) <0.05
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ABSTRACT

BACKGROUND

Older patients who are hospitalized for acute decompensated heart failure have
high rates of physical frailty, poor quality of life, delayed recovery, and frequent
rehospitalizations. Interventions to address physical frailty in this population are
not well established.

METHODS

We conducted a multicenter, randomized, controlled trial to evaluate a transi-
tional, tailored, progressive rehabilitation intervention that included four physical-
function domains (strength, balance, mobility, and endurance). The intervention
was initiated during, or early after, hospitalization for heart failure and was con-
tinued after discharge for 36 outpatient sessions. The primary outcome was the
score on the Short Physical Performance Battery (total scores range from 0 to 12,
with lower scores indicating more severe physical dysfunction) at 3 months. The
secondary outcome was the 6-month rate of rehospitalization for any cause.
RESULTS

A total of 349 patients underwent randomization; 175 were assigned to the reha-
bilitation intervention and 174 to usual care (control). At baseline, patients in each
group had markedly impaired physical function, and 97% were frail or prefrail;
the mean number of coexisting conditions was five in each group. Patient reten-
tion in the intervention group was 82%, and adherence to the intervention sessions
was 67%. After adjustment for baseline Short Physical Performance Battery score
and other baseline characteristics, the least-squares mean (+SE) score on the Short
Physical Performance Battery at 3 months was 8.3%0.2 in the intervention group
and 6.9+0.2 in the control group (mean between-group difference, 1.5; 95% con-
fidence interval [CI], 0.9 to 2.0; P<0.001). At 6 months, the rates of rehospitaliza-
tion for any cause were 1.18 in the intervention group and 1.28 in the control
group (rate ratio, 0.93; 95% CI, 0.66 to 1.19). There were 21 deaths (15 from car-
diovascular causes) in the intervention group and 16 deaths (8 from cardiovascular
causes) in the control group. The rates of death from any cause were 0.13 and 0.10,
respectively (rate ratio, 1.17; 95% CI, 0.61 to 2.27).

CONCLUSIONS

In a diverse population of older patients who were hospitalized for acute decom-
pensated heart failure, an early, transitional, tailored, progressive rehabilitation
intervention that included multiple physical-function domains resulted in greater
improvement in physical function than usual care. (Funded by the National Insti-
tutes of Health and others; REHAB-HF ClinicalTrials.gov number, NCT02196038.)
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Age — yr
Female sex — no. (%)
MNon-White race — no. (%) 1
Body-mass indexg:
Ejection fraction =45%, indicating preserved ejection fraction — no. (%)
Heart failure caused by ischemic heart disease — no. (%6)§
NYHA class — no. (%5)

]

]|

v
Median B-type natriuretic peptide (IQR) — pg/mlY
Median N-terminal pro—B-type natriuretic peptide (IQR) — pg/ml|
Median no. of days hospitalized during index hospitalization (IQR)
Patients with =1 hospitalization in previous 6 mo — no. (%)
Coexisting conditions

Total no. of coexisting conditions

Hypertension — no. (%)

History of myocardial infarction — no. (%)

History of coronary revascularization, including PCl and CABG
— no. (%)

Atrial fibrillation — no. (%)

Diabetes mellitus — no. (%)

Hyperlipidemia — no. (%)

Depression, according to electronic medical record — no. (36)
Geriatric conditions

Dementia or cognitive impairment, according to electronic medical
record — no. (%)

Frail, as defined by the presence of at least three Fried criteria®*
~no. (%)

Prefrail, as defined by the presence of one or two Fried criteria®*
— no. (%)

Urinary incontinence — no.ftotal no. (%)

Patients with falls in previous 3 mo — no.ftotal no. (%)

Intervention
(N=175)

73.128.5
85 (49)
81 (46)

32.9:82
93 (53)
66 (38)

33 (19)
100 (57)
41 (23)

585 (259-1292)
2527 (1395-4858)
4(3-7)

76 (43)

5.4:2.0
159 (91)
31 (18)
55 (31)

89 (51)
101 (58)
110 (63)

29 (17)

€ (3)
92 (53)
77 (44)

19/144 (13)
24/143 (17)

Control
(N=174)

72.2+7.7
98 (56)
9l (52)
33.0+8.9
92 (53)
56 (32)

34 (20)
90 (52)
51 (29)

645 (381-1072)
3615 (1874-8637)
5 (3-7)

0 (46)

5.0:1.9
162 (93)
32 (18)
47 (27)

87 (50)
81 (47)
120 (69)
33 (19)

4(2)
100 (57)
68 (39)

21/142 (15)
20/146 (14)




Outcomes

Clinical events at 6 mo™

Mo. of patients 174 173

Rehospitalization for any cause, secondary outcome 194 (1.18) 213 (1.28) 0.93 (0.66to 1.19)1%
— no. of events (rate)

Death — no. of events (rate) 21 (0.13) 16 (0.10) 1.17 (0.6 to 2.27) 11

Combined rehospitalization for any cause and death 215 (1.31) 229 (1.38) 0.93 (0.77 to 1.12)%%
— no. of events (rate)

Rehospitalization for heart failure — no. of events 94 (0.57) 110 (0.66) 0.89 (0.56to 1.22)1%
(rate)

Mo. of patients with =2 rehospitalizations for any 47 (27) 60 (35) 0.71 (0.44 to 1.13)§§
cause (%)

Mo. of patients with =2 rehospitalizations for heart 22 (13) 27 (16) 0.78 (0.41 to 1.46)f}
failure (%)

MNo. of days of rehospitalization for any cause 7.2 16 0.92 (0.52to 1.22)%%

No. of patients with =1 fall (%) 48 (28) 62 (36) 0.67 (0.42 to 1.06)§§

Mo. of patients with =1 fall that resulted in injury (%) 12 (7) 16 (9) 0.66 (0.30 to L.47)§}

N EnglJ Med 2021;385:203-16. DOI: 10.1056/NEJM0a2026141



Table 2. Trial Outcomes.
Intervention Control Effect Size
Outcome (N=175) (N=174) (95% Cl)
QOutcomes at 3 mo*™
SPPB score, primary outcome{
At baseline 6.0:£28 6.1+2.6
At3 mo 83202 £.9:0.2 1.5 (0.9t0 2.0)%
No. of patients assessed at 3 mo 149 155
Balance score
At baseline 2613 2.7:13
At 3 mo 3.2+01 2.9+01 0.4 (0.1to0.6)
4.M walk score
At baseline 2310 2.3:1.0
At 3 mo 3.0+0.1 2.5+01 0.5(0.2t00.7)
Chair rise score
At baseline 1.1+1.2 1.2+12
At 3 mo 21101 1.5+01 0.6 (0.4 to 0.9)
6-Min walk distance — m
At baseline 194:104 193:107
At 3 mo 293:8 260+8 34 (12 to 56)
No. of patients assessed at 3 mo 135 125
Gait speed — msec
At baseline 0.60+0.23 0.61+0.22
At 3 mo 0.80=0.02 0.68+0.02 0.12 (0.07 to 0.18)
Mo. of patients assessed at 3 mo 146 143
Hand-grip strength — kg
Men
At baseline 303195 30.5£10.7
At 3 mo 30.1+0.7 30.6+0.8 =05 (-2.5to 1.6)
Mo. of patients assessed at 3 mo 75 63
Women
At baseline 20.7+7.3 19.6+6.6
At 3 mo 21.3:06 21.4:0.5 -0.2(-1.7to 1.4)
Mo. of patients assessed at 3 mo 68 76
Frailty status — no. of modified Fried criteria met§
At baseline 23211 2411
At 3 mo 1.4+0.1 1.620.1 -03 (-05t00)
No. of patients assessed at 3 mo 142 129
KCCQ overall scoreY]
At baseline 4021 42471
At 3 mo 69+2 62+2 7.1(2.0t0 12.2)
No. of patients assessed at 3 mo 147 145
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Figure 2. Progression of Physical Function over Time in the Intervention Group, According to Exercise Domain.

As described previously,'™® each exercise session comprised four domains (balance, strength, maobility, and endurance) and four stratification levels (level 1, shawn in red; level 2,
yellow; level 3, blue; and level 4, purple) corresponding to increasing thresholds of functional ability. For all four domains, as the number of sessions increased during the rehabili-
tation intervention, the percentage of patients who were performing at higher levels of functional ability {levels 3 and 4) generally increased, whereas the percentage of patients

who were performing at lower levels (1 and 2) generally decreased. The black, dark gray, and light gray areas indicate the percentages of patients who died, were lost to follow-up,
or discontinued the intervention, respectively.

N EnglJ Med 2021;385:203-16. DOI: 10.1056/NEJM0a2026141



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.



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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