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them, or the distance may be prohibitive.17,18 In some 
European countries, a 3-week inpatient CRP (3w In-CRP) 
is provided for patients with heart disease. Although this 
may help increase the number of participants in CRPs 
given the problems associated with accessing outpatient 
CR in Japan, there have been no trials of inpatient CRP in 
Japan.

Therefore, this study investigated whether 3w In-CRP 
improved peak V̇O2 and reduced cardiovascular (CV) 
events after CRP among HF patients.

Methods
From 2019 to 2022, patients with HF were recommended 
to attend outpatient CRP 3 times a week for 5 months. 

H eart failure (HF) is a burden worldwide because 
of an aging society.1–3 HF mortality and rehospi-
talization rates remain high, especially in Japan.4–7 

Cardiac rehabilitation (CR) programs (CRP) improve the 
quality of life, exercise endurance, and peak oxygen uptake 
(V̇O2) of patients with HF, which then reduces the HF 
rehospitalization and mortality rates. Therefore, after HF 
discharge, every HF patient is highly recommended to 
participate in CRP according to HF and CR guidelines 
across the world.2,3,8–15

However, the number of participants for outpatient 
CRP remains low.16 As a consequence of an aging society, 
one possible reason why older patients cannot attend out-
patient CRP is difficulty getting there: they may not be able 
to drive themselves, they may not have anyone to take 
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Background: The incidence of heart failure (HF) is increasing, and the mortality from HF remains high in an aging society. Cardiac 
rehabilitation (CR) programs (CRP) increase oxygen uptake (V̇O2) and reduce HF rehospitalization and mortality. Therefore, CR is 
recommended for every HF patient. However, the number of outpatients undergoing CR remains low, with insufficient attendance at 
CRP sessions. In this study we evaluated the outcomes of 3 weeks of inpatient CRP (3w In-CRP) for HF patients.

Methods and Results: This study enrolled 93 HF patients after acute-phase hospitalization between 2019 and 2022. Patients 
participated in 30 sessions of 3w In-CRP (30 min aerobic exercise twice daily, 5 days/week). Before and after 3w In-CRP, patients 
underwent a cardiopulmonary exercise test, and cardiovascular (CV) events (mortality, HF rehospitalization, myocardial infarction, 
and cerebrovascular disease) after discharge were evaluated. After 3w In-CPR, mean (±SD) peak V̇O2 increased from 11.8±3.2 to 
13.7±4.1 mL/min/kg (116.5±22.1%). During the follow-up period (357±292 days after discharge), 20 patients were rehospitalized for 
HF, 1 had a stroke, and 8 died for any reasons. Proportional hazard and Kaplan-Meier analyses demonstrated that CV events were 
reduced among patients with a 6.1% improvement in peak V̇O2 than in patients without any improvement in peak V̇O2.

Conclusions: 3w In-CRP for HF patients improved peak V̇O2 and reduced CV events in HF patients with a 6.1% improvement in 
peak V̇O2.

Key Words: Cardiac rehabilitation; Cardiopulmonary exercise test; Heart failure; Heart failure rehospitalization; Inpatient cardiac 
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was defined as major symptoms (breathlessness, orthopnea, 
fatigue, and ankle swelling) and signs (elevated jugular 
venous pressure, hepatojugular reflux, third heart sound, 
and laterally displaced apical impulse) of HF9 in patients 
hospitalized to receive intravenous therapy (diuretics, cat-
echolamines, or carperitide).

Statistical Analysis
Data are expressed as the mean ± SD, median with interquar-
tile range (IQR), or numbers and percentages, as appropri-
ate for the data type and distribution. Student’s t-test, paired 
t-test, or the Chi-squared test were used for data analysis, 
as appropriate. Receiver operating characteristic (ROC) 
curve analysis was used to identify the optimal cut-off for 
CV events. The Delong method was used to compare the 
area under the curve (AUC) for each parameter on ROC 
analysis. Predictors of CV events were identified using Cox 
proportional hazard analysis for univariate and multivari-
able logistic analyses and Kaplan-Meier analysis. For the 
multivariate analysis, we selected parameters that differed 
significantly after the intervention between the groups with 
and without CV events (Table), except other CPET data. 
Statistical significance was set at P<0.05 for all analyses, 
which were performed using SPSS version 28 (IBM Corp., 
Armonk, NY, USA) or EZR version 2.7-x analysis, as 
appropriate.25

Ethical Considerations
The study was conducted in accordance with the Declaration 
of Helsinki and the ethical standards of the responsible 
committee on institutional human experimentation, and 
was approved by the Ethics Committee of the Gunma 
Prefectural Cardiovascular Center (Reference no. 2022018).

Results
Patients’ Baseline Clinical Characteristics
The patients’ characteristics at baseline are presented in the 
Table. The mean age of the patients was 69±13 years, and 
72% were men. The mean LVEF was 40±18%. Overall, 
64%, 7%, and 29% of patients had HFrEF, HFmrEF, 
and HFpEF, respectively. After 3w In-CRP, peak V̇O2 
increased significantly from 11.8±3.2 to 13.6±4.1 mL/min/kg 
(P<0.01; Figure 1) and the mean improvement of peak 
V̇O2 was 116.5±22.1%. Patients were followed up for 
357±292 days (median 277 days; IQR 102–612 days), 
during which time 20 patients were rehospitalized for HF, 
1 patient experienced a stroke, and 6 patients died for 
any reasons.

Identification of Indicators Most Sensitive to CV Events
In univariate and multivariate analyses, after adjustment 
for LVEF after 3w In-CRP, the use of angiotensin-
converting enzyme inhibitors, diuretics, and mineralocor-
ticoid receptor antagonists, postintervention B-type 
natriuretic peptide, hemoglobin, and peak V̇O2, and 
improvement of peak V̇O2 were independent risk factors 
for CV events. Figure 2 shows ROC curve analysis for CV 
events. After 3w In-CRP, peak V̇O2 had a larger AUC. 
The cut-off value for peak V̇O2 was 11.6 mL/min/kg (AUC 
0.777; 95% confidence interval [CI] 0.671–0.884; P<0.01). 
The ROC curve for improvement in peak V̇O2 was not 
significantly different to that of post-CRP peak V̇O2, with 
a cut-off value for improvement in peak V̇O2 of 6.1% 
(AUC 0.724; 95% CI 0.599–0.849; P<0.01).

However, some patients had difficulty attending CRP at 
Gunma Prefectural Cardiovascular Center because of 
transportation problems. Subsequently, we recommended 
that these patients participate in 3w In-CRP, and they 
accepted. As part of the 3w In-CRP, patients performed a 
10-min warm-up exercise, 30 min of anaerobic threshold 
(AT) exercises based on a cycle ergometer, and a 10-min 
cool down exercise program, twice a day for 5 days each 
week. Subsequently, resistance training was conducted as 
appropriate. During the 3-week period, 30 sessions of inpa-
tient CRP were performed. Before and after the 3w In-CRP, 
patients also underwent transthoracic echocardiography 
(TTE) and cardiopulmonary exercise testing (CPET). TTE 
and CPET data and CV events were evaluated after 
patients had been discharged from the 3w In-CRP. All 
patients except 2 completed the 3w In-CRP. Of the 2 
patients who did not complete the program, 1 had a joint 
problem and the other could not complete the 3w In-CRP 
because the ward was closed due to COVID-19.

Cardiopulmonary Exercise Tests
The ventilatory pattern at the AT and the peak V̇O2 were 
evaluated using symptom-limited CPET during incremen-
tal exercise testing on an upright cycle ergometer (Strength-
Ergo 8; Mitsubishi Electric Engineering, Tokyo, Japan), as 
reported previously.19 The test started with a 3-min rest 
period, followed by a 3-min warm-up performed at 0-W 
intensity using the mask method. After this warm-up, the 
exercise intensity was increased continuously at a rate of 
1 W every 6 s until exhaustion. To ensure CPET was per-
formed at a sufficiently high intensity to reach exhaustion, 
patients were instructed to maintain a sufficient work rate 
(WR) to achieve a gas respiratory exchange ratio (RER; 
carbon dioxide production [V̇CO2]/V̇O2) of >1.10. V̇O2, 
V̇CO2, and minute ventilation (V̇E) were measured on a 
breath-by-breath basis using a gas analyzer (MINATO 
AE-310S; Minato Science Co., Ltd., Osaka, Japan).

Peak V̇O2 was determined at the highest exercise WR, 
and AT was measured using the V-slope method.20 The 
improvement in peak V̇O2 (%) was calculated as by divid-
ing peak V̇O2 after 3w In-CRP by the peak V̇O2 before 3w 
In-CRP and multiplying by 100. Before the respiratory 
compensation point, the V̇E vs. V̇CO2 slope was a measured 
linear relationship between V̇E and V̇CO2.21,22 Minimum 
V̇E/V̇CO2 was determined as the nadir of the V̇E/V̇CO2 
ratio during incremental exercise testing and the 30-s 
average data.21

TTE
TTE data were obtained by an experienced sonographer 
according to the guidelines reported by Nakatani et al.23,24 
A GE Vivid E9 equipped with a 1.75- to 3.5-MHz transducer 
was used for the evaluation. Left ventricular ejection frac-
tion (LVEF) was calculated using the modified Simpson’s 
rule. According to the LVEF, HF was classified as either 
HF with reduced ejection fraction (HFrEF; LVEF ≤40%), 
HF with preserved ejection fraction (HFpEF; LVEF ≥50%), 
or HF with mildly reduced ejection fraction (HFmrEF; 
40%<LVEF<50%).

Follow-up After Discharge
Hospital records of regular checkups after the discharge of 
HF patients were investigated. CV events were defined as 
HF rehospitalization, myocardial infarction, cerebrovascular 
disease, and other causes of death. HF rehospitalization 
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Table. Patient Characteristics

Overall  
(n=93)

CV event (−)  
(n=66)

CV event (+)  
(n=27) P value

Age (years) 69±13 68±14 72±10 　0.15

Male sex (%) 67 (72) 45 (68) 22 (82) 　0.22

Body weight (kg) 57.1±14.4 57.8±14.9 55.2±13.2 　0.43

BMI (kg/m2) 23.1±11.6 23.9±13.5 21.2±4.3　　 　0.31

Heart disease

  Ischemic heart disease 35 (38) 21 (32) 14 (52) 　0.35

  Cardiomyopathy 26 (28) 20 (30)   6 (22)

  Valve disease 19 (20) 16 (24)   3 (11)

  Other heart diseases 13 (14) 10 (15)   3 (11)

Comorbidity

  Smoking 48 (52) 33 (50) 15 (56) 　0.66

  Hypertension 36 (39) 26 (39) 10 (37) 　1.00

  Diabetes 40 (43) 25 (38) 15 (56) 　0.17

  Dyslipidemia 38 (41) 25 (38) 13 (48) 　0.49

Pre-intervention physical condition

  AT (mL/min/kg) 8.9±1.9 9.2±1.9 8.0±1.4 <0.01

  Predicted AT (%) 57.1±12.2 59.8±12.5 50.7±8.8　　 <0.01

  Peak V̇O2 (mL/min/kg) 11.8±3.2　　 12.4±3.3　　 10.3±2.3　　 <0.01

  Predicted peak V̇O2 (%) 50±13 52±13 45±11 　0.01

  V̇E vs. V̇CO2 slope 46.9±15.4 44.0±14.4 53.9±15.8 <0.01

  Minimum V̇E/V̇CO2 46.1±11.8 44.32±11.0　　 50.6±12.5 　0.02

  Peak gas exchange ratio 1.14±0.08 1.13±0.07 1.15±0.10 　0.09

  LVEF (%) 40±18 45±17 34±16 　0.01

  Creatine (mg/dL) 1.30±0.64 1.28±0.67 1.35±0.59 　0.61

  Hemoglobin (g/dL) 12.9±2.4　　 13.4±2.6　　 11.9±1.4　　 <0.01

  Sodium (mEq/L) 139.0±4.0　　　　 140.0±3.0　　　　 138.0±4.0　　　　 　0.02

  BNP (pg/mL) 260 [94–529] 212 [58–478] 394 [208–619] 　0.03

Medications

  β-blocker 81 (87) 56 (85) 25 (93) 　0.50

  ACEI 26 (28) 14 (21) 12 (44) 　0.04

  ARB 20 (22) 17 (26)   3 (11) 　0.17

  ARNI 13 (14)   9 (14)   4 (15) 　1.00

  Diuretics 52 (56) 31 (47) 21 (78) 　0.01

  MRA 55 (59) 33 (50) 22 (82) <0.01

  SGLT2-I 42 (45) 32 (49) 10 (37) 　0.36

  Ivabradine 10 (11)   8 (12) 2 (7) 　0.72

Postintervention physical condition

  AT (mL/min/kg) 10.0±2.3　　 10.5±2.2　　 8.7±1.8 <0.01

  Predicted AT (%) 64.0±14.0 67.5±13.5 55.2±11.1 <0.01

  Peak V̇O2 (mL/min/kg) 13.6±4.1　　 14.7±3.9　　 10.9±3.1　　 <0.01

  Predicted peak V̇O2 (%) 57±17 61±15 47±16 <0.01

  V̇E vs. V̇CO2 slope 43.9±11.8 41.0±11.3 50.9±9.9　　 <0.01

  Minimum V̇E/V̇CO2 44.7±11.1 41.6±8.7　　 52.3±12.8 <0.01

  Change in peak V̇O2 (%) 116.5±22.1　　 120.8±22.0　　 106.2±19.1　　 <0.01

  Peak gas exchange ratio 1.17±0.09 1.17±0.08 1.18±0.09 　0.55

  LVEF (%) 42±18 45±17 34±16 <0.01

  Creatine (mg/dL) 1.26±0.54 1.24±0.53 1.43±0.54 　0.12

  Hemoglobin (g/dL) 12.8±2.0　　 13.3±2.0　　 11.5±1.4　　 <0.01

  Sodium (mEq/L) 139.0±4.0　　　　 139.6±3.6　　　　 138.6±4.1　　　　 　0.29

  BNP (pg/mL) 176 [90–511] 140 [48–322] 347 [223–666] <0.01

Unless indicated otherwise, data are given as the mean ± SD, median [interquartile range], or n (%). P values are for comparisons of groups 
with (+) and without (−) a cardiovascular (CV) event after discharge from a 3-week an inpatient cardiac rehabilitation program. Data were 
analyzed using Student’s t-test, Chi-squared test, or Mann-Whitney U test, as appropriate. Significance was set at P<0.05. ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; AT, anaerobic threshold; 
BMI, body mass index; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; 
SGLT2-I, sodium-glucose cotransporter 2 inhibitor; V̇CO2, carbon dioxide production; V̇E, minute volume; V̇O2, oxygen uptake.
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Figure 3.  Kaplan-Meier curves for cardiovascular (CV) event-free survival in patients with (A) higher (>11.6 mL/min/kg) and lower 
(≤11.6 mL/min/kg) peak oxygen uptake (V̇O2) and (B) higher (>6.1%) and lower (≤6.1%) improvements (Imp) in peak V̇O2 after 3 
weeks of an inpatient cardiac rehabilitation program (3w In-CRP). (A) There were fewer CV events in the group with higher 
(>11.6 mL/min/kg) than lower (≤11.6 mL/min/kg) peak V̇O2 after 3w In-CRP (log-rank [Mantel-Cox] χ2=31.502, P<0.01). (B) Similarly, 
there fewer CV events in the group with a higher (>6.1%) than lower (≤6.1%) improvement in peak V̇O2 (log-rank [Mantel-Cox] 
χ2=27.892; P<0.01).

Figure 1.  Peak oxygen uptake (V̇O2) before and after 3 
weeks of an inpatient cardiac rehabilitation program (CRP). 
Data are the mean ± SD.

Figure 2.  Receiver operating characteristic (ROC) curve 
analysis of peak oxygen uptake (V̇O2) and improvements in 
V̇O2 for predicting cardiovascular (CV) events. After 3 weeks 
of an inpatient cardiac rehabilitation program (3w In-CRP), the 
area under the curve (AUC) of peak V̇O2 (Post peak V̇O2) was 
0.777 (95% confidence interval [CI] 0.671–0.884; P<0.01), 
with a cut-off of 11.6 mL/min/kg having a sensitivity of 0.621 
and a specificity of 0.805 for predicting future CV events. The 
AUC for the improvement in V̇O2 (Imp V̇O2) was 0.724 (95% 
CI 0.599–0.849; P<0.01), with a cut-off of 6.1% having a sen-
sitivity of 0.655 and a specificity of 0.805 for predicting future 
CV events.
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3w In-CRP for HF patients improved peak V̇O2 and 
reduced CV events among those HF patients with a >6.1% 
improvement in peak V̇O2.

HF has been increasing worldwide as a result of the 
increasing number of older adults.1–3 Mortality and rehos-
pitalization rates are still increasing in Japan after index 
HF hospitalizations.4 The Japanese HF registries have 
reported a 24.4–27.1% HF rehospitalization rate.5–7 In the 
present study, over a follow-up period of nearly 1 year, 
27.4% of HF patients experienced a CV event, which is 
consistent with the previous reports. Outpatient CRP is a 
common CRP in Japan for patients with heart disease. 
Generally, outpatient CRP for HF involves aerobic exer-
cise 3 times a week for 3–12 months, which has been 
reported to reduce HF rehospitalization or mortality10,11 
and to improve peak V̇O2 by 4–18% in both HFrEF11–13 
and HFpEF patients.14 In Germany, 3w In-CRP is more 
common than outpatient CRP.26 For older patients, after 
transcatheter aortic valve replacement, 3w In-CRP reduces 
mortality.27 In Italy, Scrutinio et al reported that inpatient 
CRP increased the 6-min walk distance (6MWD) and 
reduced heart transplantation and mortality rates among 
patients with HFrEF.28,29 In the present study, 3w In-CRP, 
evaluated with CPET, increased peak V̇O2 by 116.5±22.1% 
within 3 weeks. Moreover, it reduced CV events. We 
demonstrated that 3w In-CRP resulted in similar incre-
mental peak V̇O2 improvements to several months of 
outpatient CRP, and thus was effective for HF.

We found that the number of CV events was lower among 
patients with higher peak V̇O2 and a >6.1% improvement 
in peak V̇O2 after 3w In-CRP. Generally, higher peak V̇O2 
is related to lower mortality in both healthy people and 

CV Events According to Postintervention Peak V̇O2 and 
Improvement in Peak V̇O2

Kaplan-Meier analysis demonstrated that patients with 
higher peak V̇O2 after 3w In-CRP (>11.6 mL/min/kg) had 
fewer CV events than those with lower peak V̇O2 
(≤11.6 mL/min/kg; hazard ratio [HR] 0.129; 95% CI 0.056–
0.299; P<0.01; Figure 3A). The group of patients with a 
greater improvement in peak V̇O2 after 3w In-CRP 
(>6.1%) had fewer CV events than the group with a lower 
improvement in peak V̇O2 (≤6.1%; HR 0.141; 95% CI 
0.061–0.326; P<0.01; Figure 3B).

Furthermore, as shown in Figure 4, Kaplan-Meier analysis 
revealed that patients with a higher (>6.1%) improvement 
in peak V̇O2 and a higher peak V̇O2 (>11.6 mL/min/kg) 
after 3w In-CRP had fewer CV events than those with a 
lower improvement in peak V̇O2 (≤6.1%) and either a higher 
peak V̇O2 (>11.6 mL/min/kg; HR 0.151; 95% CI 0.039–
0.583; P<0.01) or a lower peak V̇O2 (≤11.6 mL/min/kg; HR 
0.261; 95% CI 0.075–0.914; P=0.03).

Discussion
This study investigated the effects of 3w In-CRP for HF 
patients. After a 3w In-CRP, peak V̇O2 increased from 
11.8±3.2 to 13.7±4.1 mL/min/kg, with an improvement in 
peak V̇O2 of 116.5±22.1%. After 3w In-CPR, patients with 
higher peak V̇O2 and a higher improvement in peak V̇O2 
had fewer CV events (mainly rehospitalization and all-
cause death). Regardless of whether peak V̇O2 was high 
(>11.6 mL/min/kg) or low (≤11.6 mL/min/kg), an improve-
ment in peak V̇O2 of >6.1% reduced CV events compared 
with no improvement in peak V̇O2. We demonstrated that 

Figure 4.  Kaplan-Meier curves for cardiovascular (CV) event-free survival according to levels of peak oxygen uptake (V̇O2; high 
[>11.6 mL/min/kg] or low [≤11.6 mL/min/kg]), and improvements in peak V̇O2 (high [>6.1%] or low [≤6.1%]) after 3 weeks of an 
inpatient cardiac rehabilitation program (3w In-CRP). There were significantly fewer CV events in the group with high peak V̇O2 
and high improvements in peak V̇O2 after 3w In-CRP than in the other groups. In addition, there were fewer CV events among 
patients with a high improvement in peak V̇O2 than among those with a low improvement peak V̇O2 and either a high peak V̇O2 
(log-rank [Mantel-Cox] χ2=9.741, P<0.01; “A”) or a low peak V̇O2 (log-rank [Mantel-Cox] χ2=5.118, P=0.02; “B”). (All, log-rank 
(Mantel-Cox) χ2=56.649, P<0.01.) ppV̇O2, post-3w In-CRP peak V̇O2; imp V̇O2, improvement in peak V̇O2. *P value <0.05.
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seems compatible with previous reports. We identified 
patients who had improved CV events after 3w In-CRP. 
There was no relationship between incremental peak V̇O2 
and CV events. However, Passantino et al similarly 
reported that a 70 metre increase in the 6MWD reduced 
mortality in HFrEF patients who participated in inpatient 
CRP.33 Therefore, we can infer that HF patients who do 
not exhibit a >6.1% improvement in peak V̇O2 after 3w 
In-CRP are at a high risk of CV events and must be 
cautious with their treatments.

Despite the poor prognosis and marked increase in the 
prevalence of HF, and despite CR guidelines strongly rec-
ommending patients with HF participate in CRP,8,9 in 
Japan only 7% of HF patients take part in outpatient 
CRP.16 Moreover, both Japanese and European guidelines 
for HF recommend that patients take part in 3 sessions of 
CRP per week for 5 months or 36 sessions within 5 
months.8,15 However, because patients with HF are older 
and are likely to live alone or with an aging partner, they 
may not be able to attend outpatient CRP locations due to 
transportation problems. Therefore, most CRP partici-
pants can only attend 1 session per week or 2 or 3 sessions 
per month. The number of patients who cannot attend 
CRP or attend enough sessions is increasing, possibly due 
to single households and the aging society in Japan.17,18 
The Japanese social environment may increase the diffi-
culty of participant recruitment and adherence to CRP. 
Conversely, inpatient CRP has the potential to solve these 
problems, with participants able to attend the recom-
mended number of sessions, as demonstrated in the present 
study. It is possible that 3w In-CRP may help increase 
peak V̇O2 and reduce CV events for HF patients in Japan.

The study had some limitations. First, this was a single-
center study with a relatively small number of patients. 
Future multicenter studies are needed to confirm our find-
ings. Second, we excluded the patients who could not ride 
a cycle ergometer themselves because of a falling risk. This 
study was for HF patients with low exercise endurance but 
sufficient activities of daily living to ride the bicycle them-
selves. Third, some medications were added during inpa-
tient CRP. However, most of the participants had sufficient 
medications prescribed during a previous hospitalization 
or outpatient periods and so only a few patients had added 
medications, and the effects of these additional medica-
tions were assumed to be limited.

Conclusions
Three weeks of inpatient CRP improved peak V̇O2 and 
reduced CV events after discharge in patients with HF. 
Given the social and environmental conditions in Japan, 
3w In-CRP can provide patients with the opportunity to 
attend a sufficient (recommended) number of CRP sessions 
and increase the number of CRP participants after hospi-
talization for congestive HF. Thus, 3w In-CRP may help 
reduce the burden of the HF pandemic in Japan.
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